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B-ACTIN AND RPS21 PROMOTERS AND USES
THEREOFK

This application claims the benefit of priority of U.S. Pro-
visional Patent Application No. 60/480,768, filed Jun. 24,

2003, the entire contents of which are incorporated by refer-
ence.

FIELD OF THE INVENTION

This imvention relates to regulatory gene elements such as
promoters and uses thereotf, for example, for expression of
proteins. More specifically, this invention relates to [3-actin
and ribosomal protein S21 gene promoters.

BACKGROUND OF THE

INVENTION

Every eukaryotic gene contains regulatory elements driv-
ing transcription of that gene. Such regulatory elements
include promoters, which are typically positioned immedi-
ately upstream of the coding sequence in a gene. Promoters
regulate transcription by providing binding sites for tran-
scription factors, which are a part of the transcription machin-
ery. Promoters are commonly used to express proteins in cell
culture and 1n vivo. Many promoters are known and used for
expression of protemns 1n various expression systems.
Examples of promoters include cytomegalovirus (CMV)
immediate early promoter, Rous sarcoma virus genome large
genome long terminal repeats (RSV), Simian Virus 40
(SV40) promoter, interferon gene promoter, metallothionein
promoter, and the thymidine kinase promoter and others, e.g.,
as described in Fernandez et al: (1999) Gene Expression
Systems, Academic Press. However, there 1s still aneed in the
art to provide promoters that are capable of generating high
levels of expression and/or sustain expression for an extended
period of time.

3-actin 1s a structural protein and 1s usually expressed 1n all
species, from protozoa to eukaryotes, including humans. The
human and chicken 3-actin promoters have been previously
described. The (-actin promoter, 1n general, shows a more
ubiquitous activity than the CMV promoter which 1s widely
used (Xu etal. (2001) Gene 272:149-156). The chicken [3-ac-
tin promoter was shown to exhibit a higher activity than viral
CMV and SV40 promoters but only when it 1s linked to a
CMYV enhancer sequence (Xu et al., supra).

The ribosomal protein S21 (rpS21) which 1s associated
with the 40S subunit of the ribosome. The promoter of the
human rpS21 gene was previously identified (GenBank®
accession No. AJ250907). Similarly to most ribosomal gene

promoters, 1t lacks conventional transcription elements such
as the TATA box and CAAT sequence (Smirnova et al. (2000)

Bioorg. Khim. 26(5):392-396).

SUMMARY OF THE INVENTION

This mvention provides novel 3-actin promoters that have
a low level of sequence homology to previously known {3-ac-
tin promoters (such as, e.g., human and chicken). This inven-
tion further provides novel rpS21 promoters that have a low
level of sequence homology to previously known rpS21 pro-
moters (such as, e.g., human and mouse).

The present invention 1s based, in part, on the discovery and
isolation of p-actin and rpS21 promoters from a Chinese
hamster ovary (CHO) cell line. This mvention 1s further
based, in part, on an observation that the hamster [3-actin
promoter has a significantly higher activity than the CMV
promoter. The mvention 1s further based, 1n part, on an obser-
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2

vation that the rpS21 promoter i1s at least as active as the
hamster p-actin promoter when used for expressing certain
genes. The invention provides nucleotide sequences for these
promoters and includes variants of the nucleotide sequences
having promoter activity. In some embodiments, a 3-actin
promoter ol the mnvention 1s derived from a rodent, for
example, hamster, rat, and mouse. The rpS21 promoter 1s
typically derived from a hamster.

The 1invention further provides vectors comprising a [3-ac-
tin or a rpS21 promoter of the invention operably linked to a
heterologous nucleic acid. In certain embodiments, a vector
of the invention comprises a promoter that 1s operably linked
to a heterologous nucleic acid which encodes a heterologous
expression product such as, e.g., a therapeutic protein or a
fragment thereol. In 1llustrative embodiments, the expression
product 1s acid sphinogomyelinase (ASM), a-glucosidase
(GAA), or tissue plasminogen activator (tPA).

The mvention also provides host cells transiected with a
vector of the invention. In illustrative embodiments, the host
cell 1s a mammalian cell such as, e.g., CHO, HEK, and BHK.

Methods for producing a protein are also provided. Meth-
ods for producing a protein include, for example, culturing a
cell transtected with a vector comprising a 3-actin promoter
and/or a rpS21 promoter of the invention operably linked to a
heterologous nucleic acid encoding a protein, and recovering
the protein. In some embodiments, the heterologous expres-
s1on product 1s a secretory protein, which 1s recovered from
the medium. In illustrative embodiments, the protein 1s ASM,

GAA, or tPA.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A shows an alignment between portions of nucle-
otide sequences of a hamster p-actin promoter (SEQ ID
NO:1) and a rat p-actin promoter (SEQ ID NO:2), demon-
strating a 79% 1dentity between nucleotide (nt) 487 to nt 893
of SEQ ID NO:1 andnt 1 tont417 of SEQ ID NO:2. The rat
B3-actin promoter (SEQ ID NO:2) has a 67% 1dentity over the
entire length of hamster p-actin promoter (SEQ ID NO:1).

FIGS. 1B, 1C, 1D, 1E, and 1F show an alignment between
portions ol nucleotide sequences of a hamster 3-actin pro-
moter (SEQ ID NO:1) and a rat 3-actin promoter (SEQ ID
NO:2), demonstrating an 83% i1dentity between nt 1047 to nt
3006 of SEQ ID NO:1 and nt 546 tont 2493 of SEQ ID NO:2.

FIG. 2A shows an alignment between portions of nucle-
otide sequences of a hamster p-actin promoter (SEQ ID
NO:1) and a mouse 3-actin promoter (SEQ ID NO:3), dem-
onstrating an 84% i1dentity between nt 33 to nt 487 of SEQ ID
NO:1 and nt 1 to nt 449 of SEQ ID NO:3. The mouse 3-actin
promoter sequence (SEQ ID NO:3) has an 80% i1dentity over
the entire length of hamster [3-actin promoter sequence of
SEQ ID NO:1.

FIGS. 2B, 2C, 2D, 2E, and 2F show an alignment between
portions ol nucleotide sequences of a hamster 3-actin pro-
moter (SEQ ID NO:1)and amouse p-actin promoter (SEQ ID
NO:3), demonstrating an 83% i1dentity between nt 996 to nt
3006 of SEQID NO:1 andnt 921 tont 29353 of SEQID NO:1.

FIGS. 3A, 3B, and 3C show an alignment between portions
of nucleotide sequences of a hamster p-actin promoter (SEQ
ID NO:1) and a hamster [3-actin gene (Genbank® Accession
No. U20114; SEQ ID NO:4), demonstrating a 98% 1dentity
between nt 1775 to nt 3006 of SEQ ID NO:1 and nt 1 to nt
1232 of SEQ ID NO:4. The hamster [3-actin gene sequence
has a 40% identity over the entire length of the hamster
3-actin promoter sequence of SEQ ID NO:1.

FIG. 4 shows an alignment between portions of nucleotide
sequences of hamster 3-actin promoter (SEQ ID NO:1)and a
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previously known human p-actin promoter (GenBank®
Accession No. g128337; SEQ ID NO:5), demonstrating a

949% 1dentity betweennt 113 to nt 148 of SEQ ID NO:1 and nt
38 tont 73 of SEQ ID NO:5, an 83% 1dentity between nt 362
to nt 433 of SEQ ID NO:1 and nt 303 to nt 374 of SEQ ID
NO:5, a 90% 1dentity between nt 1728 to nt 1764 of SEQ 1D
NO:1 and nt 1791 and nt 1830 of SEQ ID NO:5, and a 91%
identity between nt 1797 to nt 1966 of SEQ ID NO:1 and nt
1840 to nt 2007 of SEQ ID NO:5. The human {3-actin pro-
moter sequence (SEQ 1D NO:5) shows a 10% 1dentity over
the entire length of the hamster 3-actin promoter sequence of
SEQ ID NO:1.

FIG. 5 shows an alignment between portions of nucleotide
sequences of hamster p-actin promoter (SEQ ID NO:1)and a

previously known chicken p-actin promoter (GenBank®
Accession No. g12170437; SEQ ID NO:6), demonstrating an

83% 1dentity betweennt 1878 tont 1919 of SEQ ID NO:1 and
nt 186 to nt 227 of SEQ ID NO:6. The chicken {3-actin pro-
moter sequence (SEQ ID NO:6) shows a 1% i1dentity over the
entire length of the hamster 3-actin promoter sequence of
SEQ ID NO:1.

FIG. 6 A depicts a Northern blot for galectin, ferritin, and
B-actin in CHO-K1 cells. Representative mRNAs were 150-
lated from cells at 0, 4, 8, 10, and 15 hours following treat-
ment of cells with actinomycin D.

FIG. 6B depicts relative mRNA expression levels for
galectin, ferritin, and p-actin genes. Representative mRNAs
were 1solated from cells at 0, 4, 8, 10, and 15 hours following
treatment of CHO-K1 cells with actinomycin D.

FI1G. 7A depicts relative promoter strengths as measured in
transient transfection assays in CHO-K1 cells for the follow-
ing promoters: CMYV, human EF-1, hamster GAPDH, ham-
ster rpS21 and hamster 3-actin. The representative promoters
were cloned upstream of a red fluorescent protein (RFP) gene
in the pDsRED-1 plasmid. The mean fluorescence was mea-
sured by FACS.

FI1G. 7B depicts relative promoter strengths as measured in
stable transiection assays in CHO-K1 cells for the following
promoters: CMV, human EF-1, hamster GAPDH, hamster
rpS21, and hamster p-actin. The representative promoters
were cloned upstream of a red fluorescent protein (RFP) gene
in the pDsRED-1 plasmid. The mean tluorescence was mea-
sured by FACS.

FIG. 8A depicts the expression of acid sphingomyelinase
(ASM) protein 1n media from three pools of CHO-DXBI11
cells transfected with a vector containing the ASM cDNA
operably linked to either the CMYV promoter or the hamster
3-actin promoter. The expression of ASM was assessed 1n an
enzymatic activity assay for ASM.

FIG. 8B depicts the expression of a-glucosidase (GAA)
protein 1n media from three pools of CHO-DXBI11 cells
transiected with a vector containing the GAA cDNA operably
linked to either the CMYV promoter or the hamster 3-actin
promoter. The expression of GAA was assessed 1n an enzyme
activity assay for GAA.

FIG. 9 depicts the expression of tPA protein in media from
pools of CHO-DXBI11 cells transfected with a vector con-
taining the tPA cDNA operably linked to the hamster (3-actin
promoter. The expression of tPA was assessed using ELISA.

DETAILED DESCRIPTION OF THE INVENTION

In order that the present invention be more readily under-
stood, certain terms are first defined. Additional definitions
are set forth throughout the detailed description.

The term “promoter” refers to a regulatory element that
directs the transcription of a nucleic acid to which it 1s oper-
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4

ably linked. A promoter can regulate both rate and efficiency
of transcription of an operably linked nucleic acid. A pro-
moter may also be operably linked to other regulatory ele-
ments which enhance (“enhancers”) or repress (“repressors™)
promoter-dependent transcription of a nucleic acid. The term
“operably linked” refers to a nucleic acid placed 1n a func-
tional relationship with another nucleic acid. A promoter 1s
usually positioned 3' (i.e., upstream) of a transcription 1nitia-
tion site 1n the nucleic acid. A promoter, however, may
include sequences 3' (1.e., downstream) of the transcription
initiation site. A promoter may also encompass regions both
St and 3' of the transcription nitiation site of the operably
linked nucleic acid.

The term “promoter activity” refers to the ability of a
promoter to 1nitiate transcription of a nucleic acid to which 1t
1s operably linked. Promoter activity can be measured using
procedures known in the art or as described in the Examples.
For example, promoter activity can be measured as an amount
of mRNA transcribed by using, for example, Northern blot-
ting or polymerase chain reaction (PCR). Alternatively, pro-
moter activity can be measured as an amount of translated
protein product, for example, by Western blotting, ELISA,
calorimetric assays such as, e.g., Bradford assay (Bradford
(1976) Anal. Biochem., 72:248), and various activity assays,
including reporter gene assays and other procedures known 1n
the art or as described 1n the Examples.

The term “vector” refers to viral or non-viral, prokaryotic
or eukaryotic, deoxyribonucleic acid, ribonucleic acid or a
nucleic acid analog, that 1s capable of carrying another
nucleic acid. A vector may either carry a nucleic acid into a
cell, referred to as “host cell,” so that all or a part of the nucleic
acid 1s transcribed or expressed. Alternatively, a vector may
be used 1n an 1n vitro transcription assay. Vectors are Ire-
quently assembled as composites of elements dertved from
different viral, bacterial, or mammalian genes. Vectors con-
tain various coding and non-coding sequences including
sequences coding for selectable markers (e.g., an antibiotic
resistance gene), sequences that facilitate their propagation in
bacteria, or one or more transcription units that are expressed
only 1n certain cell types. For example, mammalian expres-
sion vectors often contain both prokaryotic sequences that
facilitate the propagation of the vector 1n bacteria and one or
more eukaryotic transcription units that are expressed only 1n
cukaryotic cells. It will be appreciated by those skilled 1n the
art that the design ol the expression vector can depend on such
factors as the choice of the host cell to be transtormed, the
level of expression of protein desired, etc.

Vectors include, for example, plasmids, phagemids, and
viral vectors. Vectors that have an existing promoter can be
modified by standard recombinant DNA techniques known in
the art to replace the promoter with any of promoter
sequences set forth in SEQ 1D NOs:1, 2, 3, or 39 or a variant
thereol. In general, suitable vectors can either be chosen from
those that are commercially available or they can be con-
structed using standard recombinant DNA techniques known
in the art. (See, e.g., Molecular Cloning: A Laboratory
Manual: 2nd edition, Sambrook et al., 1989, Cold Spring
Harbor Laboratory Press.)

The terms “transformation” and “transiection” refer to
intracellular introduction of a nucleic acid. A nucleic acid can
be mtroduced into a plant or an animal cell or a prokaryotic or
cukaryotic cell by a number of methods known 1n the art or
described herein.

The term “1solated” refers to a deoxyribonucleic acid, a
ribonucleic acid, or a nucleic acid analog having a polynucle-
otide sequence that 1s separated from other nucleic acid
sequences 1n such a way that does not naturally occur. An
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1solated nucleic acid encompasses nucleic acids that may be
partially or wholly chemically or recombinantly synthesized
and/or purified by standard techniques known 1n the art.

The term ““vanant” in reference to a promoter sequence
refers to a nucleotide sequence that 1s substantially 1dentical
over the entire length to the promoter sequence or to its
complementary strand over the entire length thereof, pro-
vided that the variant has promoter activity.

Variants of 3-actin promoters may be the same length as the
nucleotide sequences of SEQ ID NOs: 1, 2, or 3, or shorter, so
long as they are atleast 1250 nucleotides 1in length. Variants of
rpS21 promoters may be the same length as the nucleotide
sequence of SEQ ID NO:39, or shorter, so long as they have
promoter activity. Variants of the (-actin promoter can be
naturally occurring, for example, naturally occurring 3-actin
promoters 1solated from species other than human and
chicken, or they can be generated artificially. The identity
between the hamster 3-actin promoter set forth in SEQ ID
NO:1 and a variant thereof, when optimally aligned, 1s at least
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% over the
entire sequence of SEQ 1D NO:1 from nt 1 to nt 3007. Simi-
larly, the 1dentity between the rat 3-actin promoter set forth 1n
SEQ ID NO:2 and a variant thereof 1s at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 92%, 93%, 94%, 95%, 96%, 97%.,
98%, or 99% over the entire sequence of SEQ ID NO:2 from
nt 1 to nt 2493. The identity between the mouse [(-actin
promoter of SEQ ID NO:3 and a vanant thereof 1s at least
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% over the entire length of
SEQ ID NO:3 from nt 1 to nt 2933. Slmllarly, identity
between the hamster rpS21 promoter set forth in SEQ ID
NO:39 and a variant thereof, when optimally aligned, can be
at least 40%, 50%, 55%, 60%, 65%, 70%, 80%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% over the
entire length of SEQ ID NO:39 from nt 1 to nt 1958.

Variants of p-actin promoters may, for example, include
orthologs of the p-actin promoters 1n other species, including
rodents and other mammals, but excluding human and
chicken p-actin promoters and known variants thereof. Vari-
ants of the promoters of the invention may also be found 1n
other rodent species such as, for example, guinea pig, wood-
chuck, muskrat, gerbil, squirrel, chipmunk, prairie dog, bea-
ver, porcupine, and vole.

The term “variants” further encompasses fragments of any
one or more of promoters of the mnvention that have promoter
activity. Variants of the 3-actin promoters are at least 1250
nucleotides 1n length. Variants of the 3-actin promoters of the
invention can be derived, for example, by 5' truncations of the
hamster [3-actin promoter set forth in SEQ ID NO:1. In some

embodiments, [3-actin promoter variants include sequences
from nt 50 to nt 3000, from nt 100 to nt 3000, from nt 150 to

nt 3000, from nt 200 to nt 3000, from nt 250 to nt 3000, from
nt 500 to nt 3000, from nt 1000 to nt 3000, or from nt 1500 to
nt 3000 of SEQ ID NO:1. In other embodiments, (3-actin
promoter variants may be dertved by 5' truncations of the
sequence set forth in SEQ 1D NO:2 and include, for example,
from nt 50 to nt 2490, from nt 100 to nt 2490, from nt 150 to
nt 2490, from nt 200 to nt 2490, from nt 250 to nt 2490, from
nt 500 to nt 2490, or from nt 1000 to nt 2490 of SEQ 1D NO:2.
3-actin promoter variants may also be derived by 5' trunca-
tions of the sequence set forth 1n SEQ ID NO:3 and include,
for example, from nt 350 to nt 29350, from nt 100 to nt 2930,
from nt 150 to nt 2950, from nt 200 to nt 2950, from nt 250 to
nt 2950, from nt 500 to nt 2950, from nt 1000 to nt 2950, or
from nt 1500 to nt 2950 of SEQ 1D NO:3. Longer fragments

of the hamster 3-actin promoter can be derived, for example,
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by 5' truncations of the longer hamster promoter nucleotide
sequence set forth in SEQ ID NO:7. Such variants include, for
example, sequences from nt 50 to nt 3668, from nt 100 to nt
3668, from, nt 150 to nt 3668, from nt 200 to nt 3668, from nt
250 to nt 3668, from nt 500 to nt 3668, or from nt 600 to nt
3668.

Vanants of rpS21 promoters may be derived by 5' trunca-
tions and/or 3' truncations of the sequence set forth 1n SEQ 1D
NO:39. Such vanants 1include, for example, sequences from
nt 50 to nt 1938, from nt 100 to nt 1958, from nt 150 to nt
1958, from nt 200 to nt 1938, from nt 250 to nt 1958, from nt
500 to nt 1958, from nt 1000 to nt 1958, from nt 1 to nt 1900,
fromnt 1 tont 1850, from nt 1 to nt 1800, from nt 1 tont 1750,
fromnt 1 to 1700, from nt 1 to nt 1600, or from nt 1 to nt 1500.

In certain embodiments, a [3-actin promoter of the mven-
tion comprises a contiguous stretch of at least 1250, 1500,
1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, 1950, 2000,
2500, or 3000 nucleotides from SEQ ID NOs:1, 2, or 3. Such
contiguous stretches of SEQ ID NOs:1, 2, and 3 may also
contain a mutation (insertion or deletion) so long as the
mutant sequence retains at least some functionality of the
original sequence and the capacity to hybridize to the respec-
tive sequences of SEQ ID NOs:1, 2, or 3 under low, medium
or high stringency conditions. A contiguous stretch of a f-ac-
tin promoter can be denived by 5' truncations of any of
sequences set forth in SEQ 1D NO:1, 2, 3, or 7 or vaniants
thereof as described above.

In other embodiments, a rpS21 promoter of the invention

comprises a contiguous stretch of at least 500, 600, 700, 800,
900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800,

1850, or 1900 nucleotides from SEQ ID NO:39.

3-actin promoter variants of the invention further include
nucleotide sequences that hybridize to the entire length of the
3-actin promoter sequences shown in SEQ ID NOs:1, 2, or 3,
or their complements and that have at most 0, 1, 2, 3, 4, 5, 10,
15, 20, 235, 30, 35, 40, 45% base pair mismatches. rpS21
promoter variants of the invention include nucleotide
sequences that hybridize to the entire length of the rpS21
promoter sequence shown 1 SEQ ID NO:39, or 1ts comple-
ment, and that have at most 0, 1, 2, 3,4, 5, 10, 15, 20, 30, 40,
45, 50, 55, 60% base pair mismatches. The percentage of base
pair mismatches can be determined by standard techniques
known 1n the art or as described herein. The term “heterolo-
gous” when used 1n reference to a nucleic acid, means a
nucleic acid other than the nucleic acid that a promoter 1s
operably linked to in a naturally occurring genome. For
example, the term “heterologous” refers to any nucleic acid
other than the hamster p-actin gene when such a nucleic acid
1s operably linked to a hamster p-actin promoter. Likewise,
the term “heterologous” refers to any nucleic acid other than
the rat (-actin gene when such a nucleic acid 1s operably
linked to a rat p-actin promoter. Similarly, the term “heter-
ologous” refers to any nucleic acid when such a nucleic acid
1s operably linked to the mouse [3-actin promoter. Analo-
gously, this term also refers to any nucleic acid other than the
hamster rpS21 gene when such a nucleic acid 1s operably
linked to a hamster rpS21 promoter.

The term “transgenic” refers to any animal containing
genetically manipulated cells 1n which a promoter of the
invention 1s no longer operably linked to the same nucleic
acid as 1n a naturally occurring genome. The term “trans-
genic” encompasses, for example, an animal containing cells
with a promoter of the invention or a variant thereof inte-
grated within the animal’s chromosome. The term “trans-
genic” also encompasses an animal containing cells with an
extrachromosomally replicating DNA sequence comprising a
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promoter of the invention or a variant thereof. The transgenic
amimal may be a mammal such as a rodent or human.

This 1invention 1s based, 1n part, on the discovery and 1so-
lation of novel promoters for the pB-actin and rpS21 genes.
Specifically, this invention features rodent [3-actin promoters
including, but not limited to, hamster, rat and mouse, and the
hamster rpS21 promoter. This mnvention 1s based on the dis-
covery and demonstration that 3-actin promoters of the mnven-
tion have promoter activity that 1s higher than the CMV
promoter’s activity, as described 1n the Examples. The mnven-
tion 1s further based on the discovery that the hamster rpS21
promoter 1s at least as active as the hamster p-actin promoter
when used for expressing certain genes.

The 1nvention provides nucleotide sequences for rodent
3-actin promoters, including hamster, rat, and mouse, and
methods of use thereof. The invention further provides meth-
ods for identification and 1solation of variants of promoters of
the 1invention, including homologs and fragments of promot-
ers that have promoter activity. Additionally, the imvention
provides a nucleotide sequence for the hamster rpS21 pro-
moter, and methods of use thereof.

In the experiments leading to the present invention, a
genomic clone for the hamster 3-actin promoter was 1solated
from CHO cells following its identification as an active pro-

moter by a technique called Serial Analysis of Gene Expres-
sion or “SAGE” (Valculesco et al. (1993) Science, 270:484-

487 and Valculesco et al. (1987) Cell, 88:243-251). The
SAGE techmique can be used for transcription profiling of an
entire genome. 3-actin promoter was 1dentified as one of the
most active promoters in CHO cells using SAGE. This led to
the cloning of the promoter for p-actinin CHO cells. A similar
approach was used for the i1solation of the hamster rpS21
promoter from CHO cells. This approach may be used for
transcription profiling of other genomes to confirm that cor-
responding [-actin promoters or rpS21 promoter are active in
another genome. Such a promoter can be cloned using stan-
dard techniques known 1in the art or those described here.
Variants of promoters of the mvention can be identified by
hybridization to one or more of promoter sequences set forth
in SEQ ID NOs:1, 2, 3, or 39. It 1s well known that the melting
temperature (I'm) of a double-stranded nucleic acid decreases
by 1-1.5° C. with every 1% decrease in homology (see, e.g.,
Bonner et al. (1973) J. Mol. Biol., 81:123). Species
homologs, therefore, can be identified, for example, by
hybridizing a putative nucleotide sequence with a nucleotide
sequence of SEQ 1D NOs:1, 2, 3, or 39, or a vanant thereof,
and comparing the melting temperature of such a hybrid with
the melting temperature of a hybrid comprising a nucleotide
sequence of SEQ ID NOs:1, 2, 3, or 39, or a variant thereof
and a complementary nucleotide sequence. The number of
base pair mismatches can then be calculated for the test
hybrid. Therefore, a smaller difference between the melting,
temperatures of the test hybrid and a hybrnid containing a
putative homolog of any one of sequences in SEQ ID NOs:1,
2, 3, or 39, will indicate a greater homology between the
putative nucleotide sequence and a promoter sequence of the
invention. For example, variants 1n other rodent species such
as guinea pig, woodchuck, muskrat, gerbil, squirrel, chip-
munk, prairie dog, beaver, porcupine, and vole, may exhibit a
greater homology to promoters of the invention and variants
thereol.

A variety of factors are known to affect the efficiency of
hybridization of two strands of nucleotide sequence. These
may include, for example, length of nucleotide sequence, salt
concentration and G/C content of the sequences. For
example, for hybridization of long fragments of DNA, How-

leyetal. (1979)]. Biol. Chem., 254:48776, determined that the
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melting temperature at which 50% of a DNA 1s hybridized to
a complementary strand 1s defined by:

T =81.5+16.6 log M+41(% G+% C)-500/L-0.62F

where
M 1s molar concentration of monovalent cations;

(% G+% () 1s the respective fraction of G and C nucle-

otides 1n the sequences;

L 1s length of the hybrid DNA; and

F 1s molar concentration of formamide.

Appropriate hybridization conditions can be selected by
those skilled 1n the art with minimal experimentation as
exemplified 1n Ausubel et al. (19935) Current Protocols 1n
Molecular Biology, John Wiley & Sons, sections 2, 4, and 6.
Additionally, stringent conditions are described in Sambrook
et al. (1989) Molecular Cloning: A Laboratory Manual, 2nd
ed., Cold Spring Harbor Press, chapters 7, 9, and 11.

A non-limiting example of low stringency hybridization
conditions 1s as follows. Filters contaiming DNA are pre-

treated for 6 h at 40° C. 1n a solution containing 35% forma-
mide, SxSSC, S0 mM Tris-HC1 (pH 7.5), 5 mM EDTA, 0.1%

PVP, 0.1% Ficoll™, 1% BSA, and 500 pug/ml denatured
salmon sperm DNA. Hybridizations are carried out in the
same solution with the following modifications: 0.02% PVP,
0.02% Ficoll™, 0.2% BSA, 100 ng/ml salmon sperm DNA,
10% (wt/vol) dextran sulfate, and 3-20x106 32P-labeled
probe 1s used. Filters are incubated 1n hybridization mixture
for 18-20 h at 40° C., and then washed for 1.5 hours at 55° C.
in a solution containing 2xSSC, 25 mM Tris-HCI1 (pH 7.4), 5
mM EDTA, and 0.1% SDS. The wash solution is replaced
with fresh solution and incubated for an additional 1.5 hours
at 60° C. Filters are blotted dry and exposed for autoradiog-
raphy. Other conditions of low stringency well known 1n the
art may be used (e.g., as employed for cross species hybrid-
1zations).

A non-limiting example of high stringency hybridization
conditions 1s as follows. Prehybridization of filters containing
DNA 1s carried out for 8 h to overnight at 65° C. 1n bulfer
containing 6xSSC, 50 mM Tris-HCI1 (pH 7.5), 1 mM EDTA,
0.02% PVP, 0.02% Ficoll™, 0.02% BSA, and 3500 ug/ml
denatured salmon sperm DNA. Filters are hybridized for 48
hours at 65° C. 1n the prehybridization mixture containming
100 png/ml denatured salmon sperm DNA and 5-20x10° cpm
of **P-labeled probe. Washing of filters is done at 37° C. for
1 hours 1n a solution containing 2xSSC, 0.01% PVP, 0.01%
Ficoll™, and 0.01% BSA. This 1s followed by a wash 1n
0.1xSSC at 50° C. for 45 minutes.

A non-limiting example of hybridization conditions of

moderate stringency includes prewashing filters 1 5xSSC,
0.5% SDS, 1.0 mM EDTA, pH 8.0; hybrnidizing 1n 50% for-

mamide, 6xSSC at 42° C.; and washing filters 1n 0.5xS5C,
0.1% SDS at 60° C.

Vanants of the promoters of the mvention can also be
identified by percent 1dentity between nucleotide sequences
for putative vanants and the sequences set forth in SEQ 1D
NOs:1, 2, 3, or 39, or theirr complementary strands. Percent
identity may be determined, for example, by visual inspection
or by using various computer programs known in the art or as
described in the Examples. For example, percent 1dentity of
two nucleotide sequences can be determined by comparing
sequence 1nformation using the GAP computer program
described by Devereux etal. (1984 ) Nucl. Acids. Res., 12:387
and available from the Umversity of Wisconsin Genetics
Computer Group (UWGCG). Percent identity can also be
determined by aligning two nucleotide sequences using the
BLAST® program (www.ncbi.nlm.nih.gov/BLAST) as
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described by Tatusova et al. (1999) FEMS Microbiol. Lett.,
174:2477. For example, for nucleotide sequence alignments
using the BLAST® program, the default settings are as fol-
lows: reward for match 1s 2, penalty for mismatch 1s -2, open
gap and extension gap penalties are 5 and 2 respectively,
gapxdropoll 1s 50, expect 1s 10, word size 1s 11, and filter 1s
OFF.

Promoters of the invention 1identified by sequence 1dentity
include, for example, sequences set forth in SEQ ID NOs:2
and 3 for rat and mouse 3-actin promoters, that show 67% and
80% 1dentity, respectively, to nt 1 to nt 3007 of hamster
3-actin promoter sequence set forth in SEQ ID NO:1. Addi-
tional variants can be readily identified using the various
techniques described herein and those known 1n the art.

Percent identity between the hamster p-actin promoter
(SEQ ID NO:1) and known {3-actin promoters can be deter-
mined as described. For example, when SEQ ID NO:1 1s
compared to the human p-actin promoter (SEQ 1D NO:5)
using BLAST® sequence alignment with default parameters,
it exhibits only about a 10% 1dentity over the entire length of
SEQ ID NO:1. Similarly, when SEQ ID NO:1 1s compared to
the chicken [3-actin promoter (SEQ ID NO:6), it exhibits only
about a 1% i1dentity over the entire length of SEQ ID NO:1.
Due to such low levels of homology, the human and the
chicken f3-actin promoters are not considered to be variants of
the hamster -actin promoter sequence of SEQ ID NO:1.
Further, the 3' portion of SEQ ID NO:1 shows significant
homology to the 5' portion of the hamster -actin gene
sequence (GenBank® Accession No. U20114; SEQ ID
NO:4). In particular, the first 1232 nucleotides of SEQ 1D
NO:4 show a 98% 1dentity with the 3' portion of SEQ ID
NO:1, as depicted 1n FIG. 3. This identity 1s in the region of
the first intron 1n the hamster 3-actin gene. Overall, SEQ 1D
NO:4 shows only 40% 1dentity over the entire length of SEQ
ID NO:1. Furthermore, no promoter activity has been
described for SEQ ID NO:4, or fragments thereof.

Using BLAST® sequence alignment with default param-
eters, no homology 1s detected between the previously known
human rpS21 promoter (nt 1-2344 of GenBank® Accession
No.AJ250907)andnt 1 to 1938 of hamster rpS21 promoter of
SEQ ID NO:39. Very low level of homology 1s detected
between hamster rpS21 promoter of SEQ ID NO:39 and
mouse genomic DNA that spans the mouse rpS21 gene (Gen-
Bank® Accession No. NT__039212). There are two regions
of homology in the mouse sequences. The first1s fromnt 1775
to nt 1945 of SEQ ID NO:39 (137 out of 172 nts match). The
second 1s from nt 380 to nt 851 of SEQ ID NO:39 (208 out of
2’74 nts match). These two regions of homology are separated
by 923 nts 1n the hamster sequence (SEQ 1D NO:39) and by
1745 nts 1n the mouse genomic sequence (NT__039212).

Accordingly, in some embodiments, an 1solated promoter
or a variant thereof having promoter activity comprises the
nucleotides sequence(s) as set out from nt 1775 to nt 1945 of
SEQ ID NO:39 and/or from nt 580 to nt 851 of SEQ ID
NO:39. Optionally, such a promoter or varnant further com-
prises all or a portion of SEQ 1D NO:39 as set out from nt 852
tont 1774.

Nucleotide sequences set forth in SEQ ID NOs:1, 2, 3, or
39, or variants thereof, can be used as probes for screening
genomic libraries for the 1solation of genomic sequences that
hybridize to one or more of sequences set forth 1n SEQ 1D
NOs:1, 2, 3, or 39, or variants thereof.

A promoter, according to the invention, or a variant thereof
1s operably linked to a heterologous nucleic acid, which 1t
expresses. The promoter can be used either alone or in com-
bination with other regulatory elements such as, for example,
enhancers and repressors. Alternatively, such a promoter can
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be integrated into the genome of a host cell or animal, thereby
to express an endogenous gene in the host. A promoter
according to the mvention can be used 1n a vector for expres-
sion of heterologous nucleic acids. In certain embodiments,
the heterologous nucleic acid encodes a therapeutic protein.
Examples of therapeutic proteins include, but are not limited
to, a-glucosidase, acid sphingomyelinase, insulin, tissue
plasminogen activator, thyrogen stimulating hormone, eryth-
ropoietin, glucocerebrosidase, a.-galactosidase and various
antibodies. Examples of antibodies include but are not limited
to, antibodies that bind members of the TGF-p famaily such as,
for example, TGF-{3-1, 2, and 3.

This invention turther provides vectors comprising a pro-
moter of the invention or a variant thereof which has promoter
activity. In some embodiments, vectors of the mnvention
include a suitable restriction enzyme site downstream of the
promoter for msertion of the heterologous nucleic acid. Such
a restriction enzyme site may include a restriction site for a
single restriction enzyme or it may include restriction sites for
a variety of restriction enzymes 1n order to facilitate insertion
of many different heterologous nucleic acids. A vector
according to the invention may also contain a polyadenyla-
tion sequence downstream of the site for inserting a heterolo-
gous nucleic acid. Vectors comprising promoters of the mnven-
tion may also contain prokaryotic DNA elements for bacterial
replication and an antibiotic selection marker for growth and
selection of the vector 1n bacterial cells and additional DNA
clements that control processing of transcripts such, e.g.,
termination signals. Vectors may further contain DNA
sequences to direct secretion of a protein outside host cells.

In certain embodiments, a vector contaiming a promoter
sequence of the invention 1s a bicistronic vector. Bicistronic
vectors are designed, such that two nucleic acids can be
transcribed to yield a single transcript. Such a transcript usu-
ally contains a first portion which 1s translated into one pro-
tein and a second portion translated into a second protein. One
protein can be a protein of interest such as, a therapeutic
protein, and a second protein may be used as a selectable
marker. Bicistronic vectors usually contain a promoter and an
internal ribosome entry site or IRES positioned between two
nucleic acids. This permits transcription of the two nucleic
acids as a single bicistronic mRNA. In this manner, a vector
can be constructed that includes a (3-actin promoter of the
invention or a variant thereof and an IRES between two
heterologous nucleic acids. A bicistronic vector containing a
3-actin promoter of the invention or a variant thereof can be
used for expressing a therapeutic protein such as, for
example, acid sphinglomyelinase or a.-glucosidase, 1n con-
junction with a reporter gene.

The ivention further provides assays for identification of
those variants of p-actin and rpS21 promoters of the invention
that have promoter activity. For example, a promoter of the
invention or variant thereof 1s inserted in a suitable vector
upstream of a reporter gene and the expression of the reporter
gene 1S used as a determinant of promoter activity. For
example, for 1dentification of variants of promoters of the
invention that have promoter activity, such a variant is cloned
upstream of a reporter gene. A reporter gene may encode an
enzyme which catalyzes a reaction which produces a visually
detectable signal. Examples of such reporter genes include
B3-galactosidase and luciferase. Examples of other reporter
genes 1nclude alkaline phosphatase, nopaline synthase,
octopine synthase, 3-glucoronidase, chloremphenicol acetyl-
transierase. In the Examples set forth below, a reporter gene
encoding a Discosoma striata red fluorescent protein (RFP) 1s
used for measuring promoter activity. Those skilled in the art,
however, can use any suitable reporter gene and assay tech-
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nique to determine promoter activity. Expression of a reporter
gene from the promoter may be assayed 1n an 1n vitro expres-
s1on system or it may be intracellular (e.g., 1n vivo).

The mvention further provides host cells that have been
transiected with a vector of the invention comprising a pro-
moter operably linked to a heterologous gene. Such a host cell
can be a prokaryotic cell or a eukaryotic cell. Host cells can
either be cells 1 culture or be present 1n an animal. Examples

of host cells 1n culture include, but are not limited to, Hel.a

cells, CHO cells, NSO, HEK cells, BHK cells, NIH-3T3,
MDCK cells, and COS cells. Host cells 1n culture can be
grown either 1n suspension or on microcarriers, as described

in the Examples.

Many suitable methods can be used for introducing nucleic
acids of the mvention mto a host cell. Vectors comprising
promoter sequences of the mvention can be introduced into
either prokaryotic or eukaryotic cells. Examples of tech-
niques that may be used for introduction of nucleic acids nto
cukaryotic cells include, for example, calctum phosphate pre-
cipitation, DEAE-Dextran transiection, electroporation, lipo-
some-mediated transfection, transduction using viral vectors,
etc.

Many suitable expression systems can be employed for the
production of proteins using promoters of the invention. One
such expression system employs a dihydrofolate reductase
(DHFR) gene which is introduced into the vector comprising
a promoter of the invention or a variant thereof operably
linked to, a heterologous nucleic acid. Alternatively, an
expression vector expressing DHFR can be co-transtfected
into the host cell, if a DHFR-deficient cell 1s used for expres-
sion. When increasing concentrations of methotrexate
(MTX), a competitive inhibitor of the essential enzyme
DHEFR, are applied to the transfected cells, only cells with
higher expression levels of DHEFR survive. As MTX levels are
increased further, only cells which amplily the copy number
of the DHFR gene survive. In this way, by increasing the copy
number of the vector comprising the promoter, increased
expression of the heterologous nucleic acid can be achieved,
thereby leading to increased protein production. A second
expression system employs a glutamine synthetase (GS) gene
that 1s introduced into the vector comprising a promoter of the
invention or a variant thereof operably linked to a heterolo-
gous nucleic acid. Addition of a competitive inhibitor of GS,
¢.g., methionine sulphoximine (IMSX), 1s used for increasing
the copy number of the vector leading to increased protein
production.

Any suitable prokaryotic or eukaryotic expression system
can be used for expression of proteins using promoters of the
invention. Examples of expression systems include, but are
not limited to, plant, baculovirus, yeast, bacterial, drosophila,
mammalian and cell free expression systems. Standard meth-
ods for introducing expression vectors into mammalian, bac-

terial, yeast, insect and plant cells are provided, for example,
by Ausubel (1993), supra.

In certain embodiments, promoters of the mvention and
variants thereol are used 1in methods of gene therapy. For
example, a promoter of the ivention or a variant thereof 1s
cloned into a viral or a non-viral gene therapy vector such that
it 1s operably linked to a gene of interest. The promoter drives
expression of the gene encoding a therapeutic protein when
the vector 1s delivered to a subject, e.g., a human patient.

The following examples provide 1llustrative embodiments
of the mnvention. One of ordinary skill in the art will recognize
the numerous modifications and variations that may be per-
tformed without altering the spirit and scope of the present
invention. Such modifications and variations are encom-
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passed within the scope of the invention. The examples do not
in any way limit the invention.

EXAMPLES

The following describes maternals and methods used 1n the
subsequent Examples.

A. Culturing of CHO-K1 Cells

CHO-K1 cells were obtained from American Type Culture
Collection (Manassas, Va.) (ATCC No. CRL-9618). Cells
were cultured 1in 250 ml spinner cultures containing 15 g/L
DE-52 microcarriers (Whatman, Kent, UK) 1n 925 cell cul-
ture medium supplemented with 10% donor calf serum
(DCS) (Invitrogen). Cells were maintained at 37° C. using a
20-40% O, and 5% CO, overlay and agitated at approxi-
mately 60 rpm for six days. Following growth of cells in the
presence of serum, cultures were subjected to a daily 80%
(v/v) replacement with serum-iree 925 medium. Cells were
grown 1n serum-iree medium for 11 days prior to extraction of
RNA from cells. For the determination of mRNA half-life, 7
mg/L. of actinomycin D was added to the cultures in the
serum-iree phase.

B. RNA Extraction and Analysis

RINA was 1solated from CHO-K1 cells using the RNAgents
kit from Promega (Madison, Wis.). Gene expression was
analyzed by Northern blotting. For Northern blot analysis, 5
ug of RNA was separated by electrophoresis on a denaturing
glycoxal/dimethylsulfoxide gel using a NorthernMax®-Gly
kit. (Ambion, Austin, Tex.). The RNA was subsequently

transierred to nylon membranes (Schleicher & Schuell, Das-
sel, Germany). The blots were probed with the following gene
probes amplified by PCR: galectin (GenBank® Accession
No. M966776, nt 14-383); 3-actin (Genbank® Accession No.
U20114, nt 238-381); EF-1 (GenBank® Accession No.
D00522, nt 7-192); rpS21 (GenBank® Accession No.
X'79059, nt 68-340); ferritin (GenBank® Accession No.
M99692, nt 182-303) or a commercially available glyceryl-
dehyde 3-phosphate dehydrogenase. (GAPDH) fragment
(Ambion, Austin, Tex.). Each PCR product was radiolabeled
by random priming. PCR primers used for amplification of
cach of the genes are listed 1n Table 1.

TABLE 1

Gene SEQ ID
Gene Primer sSeguence NO:
P-actin forward GCTCTTTCTTCGCCGCTCC 8
P-actin reverse ACCACCCTCCAGCCTTCCC 5
EF-1 forward GAACGCAGGTGTTGTGAAAL 10
EF-1 reverse CTCGGCAGCCTCCTTCT 11
rpsS21 forward GTGGACCTGTACGTGC 12
rps2l reverse TTCTCACTTTTATTTATGAC 13
ferritin forward CGCCAGAACTACCACCAGGAC 14
ferritin reverse TTCAGAGCCACATCATCCCG 15
galectin forward TGGTCGCAAGCAACCTGAATC 16
galectin reverse TTGAAGTCACCGTCTGCCGC 17

C. Transfection of CHO-K1 Cells

For transient transiection, CHO-K1 cells were plated on

6-well plates 1n 925 medium with 10% fetal bovine serum
(FBS) (Invitrogen). The cells were grown to 50-75% contlu-
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ency prior to transiection using Lipofectamine™ (Invitro-
gen). The pDsRED-1 plasmid (Clontech, Palo Alto, Calif.)

was co-transiected with the pSV40-CD20 plasmid, which

encodes a cell surface CD20 marker used to 1identily trans-

fected cells. This pDsRED-1 plasmid encodes a Discosoma

striata red fluorescent protein (RFP), the expression of which
can be detected by FACS. Transfections were performed as

per manufacturer’s instructions. Briefly, cells were incubated
with lipid-DNA complexes for 16 hrs 1n serum free Opti-

MEM™ medium (Invitrogen). The medium was replaced
with 925 medium with 10% FBS, and cells were harvested 48
hours post-transfection.

D. Fluorescence-Activated Cell Sorting Analysis

For FACS analysis, 1x10° cells were trypsinized and
washed with cold PBS containing 2% FBS. Cells were sub-
sequently mcubated with an FITC-labeled anti-CID20 anti-
body (Pharmingen, San Diego, Calif.) for 30 minutes on ice.
Cells were then washed with cold PBS containing 2% FBS
and resuspended 1n 1 ml of cold PBS/2% FBS. FACS analysis
was performed using FACSCalibur™ (BD Biosciences, San
Diego, Calif.). All CD20-positive events were evaluated for
their red tluorescent protein mean fluorescence intensity to

assess promoter strength.
E. ASM Assay

Media from cells transfected with a vector encoding acid
sphingomyelinase (ASM) were incubated at 37° C. with the
synthetic substrate 2-(N-hexadecanoylamino)-4-nitrophe-
nylphosphorylchlorine (Calbiochem, San Diego, Calif.) at
the concentration of 12.5 mM 1n 250 mM sodium acetate, pH
5.5, containing 0.1 mM zinc acetate, 0.25 mg/ml bovine
serum albumin (BSA) and 0.15% Tween 20. The reactions
were stopped by the addition of 0.2 M glycine-NaOH con-
taining 350% ethanol. The activity or amount of ASM was
measured by the amount of 2-(N-hexadecanoylamino)-4-ni-
trophenolate produced using a calorimetric assay by measur-
ing optical density at 415 nm.

F. GM Assay

Media from cells transfected with a vector encoding o.-glu-
cosidase (GAA) were incubated at 37° C. with the synthetic
substrate p-nitrophenyl-D-a-glucopyranoside (Sigma, St.
Louis, Mo.) at a concentration of 40 mM 1n 50 mM sodium
acetate, pH 4.3, containing 0.1% bovine serum albumin
(BSA). The reactions were stopped by the addition of 0.3 M
glycine, pH 10.6. The activity or amount of GM was mea-
sured by the amount of p-nitrophenyl produced using a calo-
rimetric assay by measuring optical density at 400 nm.

Example 1

Identification of the 3-Actin Promoter in
CHO-K1 Cells

Serial Analysis of Gene Expression (SAGE) was used to
analyze the entire transcription profile of CHO-K1 cells that
were grown 1n a serum-1iree perfused spinner culture.

The first step 1n SAGE ivolved synthesis of double
stranded DNA from mRNA 1solated from CHO-K1 cells
using standard techniques. The cDNA was subsequently
cleaved with a restriction endonuclease Nlalll, also called an
anchoring enzyme, which 1s expected to cleave most tran-
scripts at least once. The 3' portion of each cleaved cDNA was
1solated by binding to streptavidin beads. The cDNA pool was
then divided 1n half and ligated via anchoring the restriction
site to a linker containing a type II restriction endonuclease
site (for example, Fokl). Type II restriction endonucleases
cleave at a defined distance up to 20 base pairs away from
theirr asymmetric recognition sites. The type II enzyme 1s
typically called a tagging enzyme. Cleavage of the ligation
product with the tagging enzyme results 1n the release of the
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linker with short pieces of the cDNA. A combination of the
anchoring and tagging enzymes vields a 10 base pair tag
which 1s umique to a gene.

Using this approach, sequence tags for each gene were
represented by the 3'-most Nlalll site followed by a unique 10
bp sequence. In instances where tags could not be assigned to
known genes, a SAGE library ¢cDNA was PCR amplified
using the SAGE tag and a commonly used M13 forward
primer (GTTTTCCCAGTCACGAC, SEQ ID NO:18). PCR

products were subsequently cloned into the pCR2.1 vector
(Invitrogen) and sequenced using standard techniques. Iden-

tification of genes was based on the homology of the sequence
of PCR products to known sequences 1 GenBank® (ww-
w.ncbi.nlm.nih.gov/genbank).

A BLAST® alignment (www.ncbi.nlm.nih.gov/blast) of
nucleotide sequences to their mouse and/or rat counterparts
was performed to identily the gene from which the tag was
derived. Of the sixteen most abundant tags 1dentified 1n this
analysis (Table 2), the gene for all but one tag was 1dentified.
Of these fifteen 1dentified genes, five were mitochondnal 1n
origin and three were nuclear repetitive elements. Occurrence
of multiple copies of these genes in each cell was the likely
cause of their abundance 1n the SAGE output. Such sequences
were not considered for further evaluation.

TABLE 2
SEQ
Abun- 1D
dance Tag Gene NO: Identified
38 CATGGAAGCAGAAT Alu Repeat 19 JO0052
33 CATGCAGGAGCTTC Mito COX I 20 PCR
277 CATGGGGGAGCGTT Ribogomal 21 PCR
Protein
S21
277 CATGGTACTGACAC Mito COX 22 PCR
I11
20 CATGGCCTCCAAGG GAPDH 23 Xb2123
20 CATGATAATACGTA Mito ATPasge 24 M14311
6
19 CATGCCTTTAATCC B-1 Repeat 25 PCR
18 CATGAATCGGAGGC Mito 26 JO01436
Cytochrome
B
18 CATGAGGCAGACAG EF-1 277 DO0O522
18 CATGGCGGCAGACG Galectin 28 MOoo'/0
(L-14)
1o CATGGTGGCTCACA Alu Repeat 29 JO0056
15 CATGTTGGCTGCCG Ferritin 30 MO9S69O2
Heavy Chain
14 CATGCCCTGTGCCG No Match 31
13 CATGAGAGCGAAGT Ribogomal 32 X82550
Protein L4l
13 CATGAGGAGGCCTA Mito- 33 PCR
chondrial
NADH De-
hydrogenase
12 CATGCCCTGAGTCC [p-Actin 34 AFO0143063
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Using this approach, promoters of four genes were 1denti-
fied as being the most active in CHO-K1 cells. These promot-
ers were: p-actin, ribosomal protein S21 (rpS21), elongation
factor 1 (EF-1), and glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH). The high levels of these mRNAs in CHO-K1
cells could either be due to the promoter activity of their
respective promoters or due to innate stability of the mRINAs.
Although SAGE analysis provides a quantification of overall
steady state levels for the mRNAs for genes, 1t does not
distinguish between promoter activity of the gene and mRNA
stability as the basis of the high expression of the mRINA.
Thus, 1 order to distinguish between the two possibilities,
hali-life of mRNAs were measured. Briefly, expression of
candidate genes was assessed by Northern blot analysis of
CHO-K1 cells 1in spinner cultures at varying points following
treatment of cells with actinomycin D.

Initially, the rpS21, GAPDH and EF-1 genes were ana-
lyzed and were all found to have relatively stable mRNAs
with half-lives greater than 8 hours. These results suggested
that the greater abundance of these mRNAs resulted from
greater stability of the mRNAs and not necessarily greater
activities of the respective promoters.

The half-life of galectin, ferritin, and p-actin mRNAs was
also measured by Northern blot analysis, as described above,
at 0, 4, 8, 10, and 15 hours following treatment of cells with
actinomycin D. A representative Northern blot 1s shown 1n
FIG. 6A. The relative mRNA levels are represented graphi-
cally in FIG. 6B. These data show that although both galectin
and ferritin had halt-lives of greater than 8 hours, the 3-actin
mRNA turned over more rapidly with a hali-life of approxi-
mately 6 hours. Thus, the relative contribution of promoter
strength to overall steady state mRNA levels was greater for
3-actin than the other candidates in CHO-K1 cells. Accord-
ingly, under these conditions, the 3-actin promoter can be
characterized as a strong promoter.

Example 2

Isolation and Characterization of the Hamster
3-Actin and rpS21 Promoters

In light of the results described in Example 1, the candidate
with the greatest abundance (rpS21) and the one with the most
rapidd mRNA turnover (-actin) were selected for further
study. A A FIX II CHO-K1 genomic library (Stratagene,
Lalolla, Calif.) was screened to 1solate genomic DNAs for
hamster 3-actin and rpS21 promoters.

In order to 1solate 3-actin and rpS21 genomuic clones, the £.
coli bactenal strains, XLL1-Blue MRA (P2) were grown in LB
medium containing 10 mM magnesium sulfate and 0.2%
maltose. The bactenal cells were pelleted and resuspended 1n
10 mM magnesium sulfate at an absorbance reading of 0.5 at
600 nm. Approximately one million phage from the library
were incubated with the bacterial cells for 15 minutes at 37°
C. Molten agarose was added to the phage/bacteria mixture
and the bacteria were overlayed on agar-containing BioAssay
plates (Nunc, Rochester, N.Y.). Following the hardening of
the top agarose, the plates were inverted and grown at 30° C.
overnight. Plates were subsequently chilled and overlayed
twice with Genescreen Plus™ nylon filters (Perkin Elmer
Lite Sciences, Wellesley, Mass. ). The nylon filters were dena-
tured for 2 minutes 1 0.1 M sodium hydroxide with 1.5 M
sodium chloride and subsequently neutralized. Filters were
UV cross-linked and probed.

A probe used for 1solation of the hamster [3-actin promoter
was dertved by random PCR from the 5' end of the 3-actin
gene (nt 238-381 of GenBank® Accession No. U20114). A
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probe used for the 1solation of hamster rpS21 promoter was
derived by PCR using primers set forth in SEQ ID NOs:12
and 13. Hybnidizing phage for both 3-actin and rpS21 pro-
moters were purified using standard techniques. The DNA
from the phage 1solated from the phage lysates was purified
by sequential extractions with chloroform, phenol, phenol/
chloroform (1:1), and lastly, chloroform.

For 1solation of hamster 3-actin gene promoters, following
cthanol precipitation, DNA was digested with restriction
enzymes that had sites 1n the 5' portion of the 3-actin hamster
gene and subjected to Southern blotting using the same probe
that was used to screen the genomic library.

Using this approach, an Avrll fragment of approximately 7
kb and a Sall fragment of approximately 5.5 kb were gener-
ated, both of which hybridized to the probe. These were
subsequently cloned nto pBluescript 11 KS plasmid (Strat-
agene). The 7 kb Avrll fragment has the ATCC Reference No.
PTA-3309, deposited Jul. 3, 2003 with the American Tissue
Culture Collection, P.O. Box 1549, Manassas, Va. 20108,
U.S.A.

Plasmids containing Avrll and Sall fragments were
digested with Sfol to remove the 3' end of the fragments
which contained a portion of the open reading frame of the
B-actin gene. These fragments were then cloned into the
pDsRED-1 plasmid (Clontech) to create the constructs
termed pDsRED-Avr (6.5 kb) and pDsRED-Avr (50.1 kb). In
order to generate a construct containing all of intron 1 of the
B-actin gene, PCR was performed using the following prim-
ers:

Forward:

AGGCCCAGCTTGGGACCAAGACAGAL (SEQ ID NO:235)

Reverse:

CGCGGATCCGGCGAACTATAT CAGGGC . (SEQ ID NO:26)

The PCR fragment generated two products: a predicted
product of approximately 7 kb and a smaller unexpected 3 kb
product. Both of these PCR products were cloned into the
pDsRED-1 plasmid (Clontech) to generate the constructs
pDsRED-Avr(1)-7 and pDsRED-Avr(1)-3.

Each of the fragments of the [3-actin hamster promoter that
were cloned 1nto the pDsRED-1 plasmid (Clontech) were
transfected into CHO-KI1 cells. The relative promoter
strengths of each of the hamster -actin promoter fragments
were measured using FACS as described above. Theresults of
the activity assays are summarized below.

Avr(1)-3 fragment of p-actin promoter which spans from nt
—1970 to nt +1037 exhibited the highest promoter activity.
The Avr(1)-7 fragment which spans from nt —6000 to nt
+1037 exhibited an activity that was 47% of the activity
exhibited by Avr(1)-3. The Avr(6.5 Kb), Sal(5.1 Kb), Actin(3
kb), and Actin-P(2.8 kb) fragments exhibited only 2%, 2%,
2%, and 0% promoter activity, respectively, as compared to
the Avr(1)-3 fragment.

The Avr(1)-3 fragment was subsequently sequenced, and
the sequence 1s set forth in SEQ ID NO:1. Additionally, the
region 660 nt upstream of the 35' of Avr(l) 3 was also

sequenced. This longer sequence from nt —-2622 to nt +1037
1s set forth 1n SEQ ID NO:7.

For 1solation of the rpS21promoter, following 1solation of
DNA from the hybridizing phage, the DNA was amplified by
POR using the following primers:
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Forward:

AGCTCTAATACGACTCACTATAGGGC (SEQ ID NO:40)

Reverge:

CTCTAGGCCAGCGGAGCGCAG. (SEQ ID NO:41)

The PCR product was cloned into the vector PCR2.1 (Invit-
rogen) and subsequently sequenced. The nucleotide sequence
of the hamster rpS21promoter 1s set forth in SEQ ID NO:39.
The promoter was excised using EcoRI sites flanking the
cloning sites and cloned into the pDsRED1-1 vector (Clon-
tech). The 2 kb hamster rpS21promoter sequence has ATCC
Retference No. PTA-6149, deposited Aug. 5, 2004, with the
American Tissue Culture Collection, P.O. Box 1549, Manas-
sas, VA 20108, U.S.A.

Example 3

Functional Comparison of the Hamster p-Actin and
CMYV Promoters

The promoter activity of Avr(1)-3 was compared to that of
the CMV mmmediate early promoter (Invitrogen) and the
human EF-1 promoter (Invivogen).

CHO-K1 cells were transiently transfected with either
pDsRED-1 plasmid containing either Avr(1)-3, the CMV
immediate early promoter upstream, or the human EF-1 pro-
moter, each operably linked to the RFP gene. Expression of
RFP was assessed by FACS 48 hours post-transiection.

Asshownin FIG. 7A, in cells transfected with Avr(1)-3, the
3-actin promoter sequence (SEQ ID NO:1) showed a higher
level of RFP expression as compared to either the CMYV or

EF-1 promoters. In particular, expression was approximately
two-fold higher with Avr(1)-3 than with the CMV promoter.

In order to determine whether this observed expression
profile 1s sustainable in stable transfectants, transiected
CHO-K1 cells were selected for two weeks with G418™,
Expression of RFP 1n the surviving pools of cells was then
assessed. As depicted 1n FI1G. 7B, similarly to transient trans-
tected cells, the highest RFP expression was observed in cells

transtected with Avr(1)-3, the 3-actin promoter sequence set

forth in SEQ ID NO:1. Example 4: Activity of the Hamster
3-Actin Promoter in BHK-21 and HEK293 cells

The activity of the hamster 3-actin promoter was compared
to that of CMV promoter in BHK-21 (ATCC No. CCL 10)

and HEK293 (ATCC No. CRL-1573) cells using stable trans-
fection assays as described in Example 3. As seen previously
in CHO-K1 cells, expression of RFP in BHK-21 cells was
significantly higher when using the p-actin promoter instead
of the CMYV promoter (Table 3). In HEK293 cells, the hamster
B-actin promoter resulted in expression of RFP at levels
roughly equivalent to those of the CMYV promoter.

TABLE 3
Cell line CMYV promoter p-Actin promoter
BHK-21 83 +04 121 +99.8
HEK?293 139 £+ 9.9 102 + 8.3
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Example 5

Rat and Mouse [3-Actin Promoters

Publicly available databases of nucleotide sequences were
searched using default settings for potential homologs of the
hamster [3-actin promoter sequence set forth in SEQ 1D NO:1.

The 5' portion of a p-actin hamster gene (GenBank®
Accession No. U21104; SEQ ID NO:4) exhibits 98% 1dentity
to the 3' portion of the hamster p-actin promoter sequence.
This homology, however, 1s only 40% over the entire length of
the hamster 3-actin promoter sequence set forth in SEQ 1D
NO:1. No promoter activity 1s known for this portion.

Previously known p-actin promoters: human (GenBank®
Accession No. g128337A) and chicken (GenBank® Acces-
sion No. g12170437) were aligned with the hamster 3-actin
promoter for homology determination with the BLAST®
program using default settings. The human and the chicken
B-actin promoter sequences had only 10% and 1% i1dentity,
respectively, to the hamster p-actin promoter (SEQ ID NO:1).

A rat (Rattus norvegcus) genomic supercontig (GenBank®
Accession No. NW__042778) was 1dentified on chromosome
12 of the rat genome as containing a nucleotide sequence
having a 67% 1dentity over the entire length of SEQ ID NO:1.

Similarly, a contig (GenBank® Accession No.
NT__039324) was 1dentified on chromosome 5 of the mouse
(Mus musculus) genome as having a 80% i1dentity over the
entire length of SEQ ID NO:1.

The sequence alignments of hamster -actin promoter
sequence (SEQ ID NO:1) with the hamster gene sequence,
and [3-actin promoters from human, chicken, rat and mouse
are depicted 1n FIGS. 3, 4, 5, 1, and 2, respectively.

Example 6

Activities of the Rat and Mouse p-Actin Promoters

The rat and the mouse promoter sequences set forth in SEQ)
ID NOs:2 and 3, respectively, are cloned mto the pDsRED-1
plasmid (Clontech). The CMV promoter 1s also cloned
upstream of the RFP gene 1n the pDsRED-1 plasmid. These
plasmids are transfected into CHO-K1 cell, or another cell
line. Expression of the RFP 1s assessed by FACS 48 hours

post-transiection.
Cells transiected with the rat or the mouse 3-actin promoter

are expected to show a higher RFP expression than the CMV
promoter under similar conditions.

Example 7

Expression of Proteins Using Hamster 3-Actin
Promoter

To further evaluate activity of the hamster [3-actin pro-
moter, an expression system utilizing dihydrofolate reductase
(DHFR) selection and methotrexate (MTX) amplification
was used. The vector pGZ6 was denived from the
pQLHAXSV2DHEFR plasmid, so as to contain the 3 kb ham-
ster 3-actin promoter (SEQ ID NO:1) 1n addition to a DHFR
gene under the control of the SV40 early promoter. The
pCLHAXSV2DHFR plasmid has been previously described
by Cole et al. (1993) Biotechnology, 11:1014-1024. Brietly,
the  metallothionine  (MT1)  promoter i1n  the
pCLHAXSV2DHFR vector was replaced with the 3-actin
promoter to create the pGZ6 vector. cDNAs for two proteins
of therapeutic interest, acid sphingomyleinase (ASM) and
a.-glucosidase (GAA) were operably linked to the hamster
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3-actin promoter. The ASM cDNA was obtained through the
IMAGE™  consorttum (GenBank®  Accession No.
AIS87087). The cDNA for GAA was obtained from Dr. Mar-
tinuik at the New York University School of Medicine. The
nucleotide sequences of the ASM and GAA cDNAs are set
forth in SEQ ID NOs:37 and 38, respectively. Similarly, the
two cDNAs were also cloned downstream of the CMYV pro-
moter 1n a vector containing the same DHFR expression
cassette. The DHFR-deficient CHO-K1 cell line DXB11 was
transiected 1n triplicate with both sets of expression vectors.
After two weeks of selection 1n nucleotide-deficient media
contaiming 20 nM MTX, a heterogeneous uncloned pools of
cells were washed with PBS and transferred to serum-iree
media. Twenty four hours later, levels of ASM or GAA 1 the
media were measured.

The results of one such experiment are demonstrated in
FIGS. 8A and 8B. The levels of ASM generated from the
hamster [3-actin promoter inthe stable pools were from 2to 15
times greater than with the CMYV promoter, and 1n the case of
the GM pools, 2 to 5 times greater.

The stable pools were further used to evaluate the ability of
the 3-actin promoter to sustain long-term protein expression.
Typically, for industrial production of proteins, high expres-
s10on 1s achieved by selecting cells with a higher gene copy
number through a process that involves increasing the num-
ber of selection steps and/or concentration of M'TX. In order
to determine whether a higher expression could be achieved
via this strategy with the 3-actin promoter (SEQ ID NO:1),
the ASM pools mnitially selected at 20 nM MTX were ampli-
fied by selection for two weeks at ten-fold higher levels of
MTX (200 nM). As summarized in Table 4, two of the three
tested p-actin pools showed 2 to 3-fold greater levels of ASM
alter amplification relative to the starting 20 nM pools. In
contrast, only one of the CMV pools tested showed higher
levels than the 20 nM pool, from which 1t was dertved. Among
the s1x ASM pools generated with either of the two promoters,
the highest expressing [-actin pool generated six times the
amount of ASM obtained with the highest expressing pool
generated with CMV promoter. This demonstrates that, at
least under the conditions tested, the hamster [3-actin pro-
moter 1s superior to the CMV promoter.

TABLE 4
Expression of ASM Expression of ASM
Pool at 20 nM MTX at 200 nM MTX
CMV-ASM Pool A 4.3 8.2
CMV-ASM Pool B 16.9 9.5
CMV-ASM Pool C 3.6 3.7
3-actin-ASM Pool A 33.5 100.0
3-actin-ASM Pool B 59.3 27.9
3-actin-ASM Pool C 45.6 90.5

In a separate experiment, the hamster [-actin promoter was
used for expressing tissue plasminogen activator (tPA) pro-
tein, which 1s a thrombolytic agent used 1n patients for dis-
solving blood clots. CHO-DXB11 cells were transtected with
a pGZ6-tPA expression vector in which the hamster 3-actin
promoter 1s operably linked to the tPA gene. Stable transiec-
tants were selected by growth 1n nucleotide deficient medium
contaiming 200 nM MTX. The resulting pool of uncloned
cells was then subjected to 500 nM MTX to amplify transgene
copy number. This pool of cells was removed from MTX,
expanded and seeded on Cytopore™ 2 microcarriers i a 1
liter spinner culture. Cells were grown for 7 days 1n a serum
contaiming medium. For the next 4 days, the serum was
removed by daily 80% exchanges with serum free medium.
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Media harvests were then collected over 15 days and ana-
lyzed for tPA expression using a commercially available
ELISA kit (TintElize® tPA kit, Biopool International, Inc.,
Ventura, Calif.). As depicted in FIG. 9 of this experiment, the
use of the hamster [3-actin promoter resulted in tPA expres-
s10n at a concentration of about 30 mg/L per day. This result
compares favorably to recently published reports 1n which
about 30-40 mg/L of tPA was produced after 0.4-8 days using
other promoters (Senger et al. (2003 ) Biotechnology Progress
19: 1199-1209; Dowd et al. (2000) Biotechnology Progress
16:786-794).

Example 8

Production of Antibodies Using Hamster [3-Actin
Promoter

In order to produce an antibody to a TGF -3 family member,
nucleic acid encoding either an anti-TGF-p antibody light
chain or an anti-TGF-{3 antibody heavy chain is cloned down-
stream of the hamster 3-actin promoter 1n two separate pGZ.6
expression vectors.

The DHFR-deficient CHO-K1 cell line DXB11 1s trans-
fected 1n with both expression vectors. After two weeks of
selection 1n nucleotide-deficient media contaimng MTX, lev-
els of ant1-TGF-p antibody, including both the light chain and
the heavy chain, are measured in the media.

Example 9

Expression of Proteins Using Hamster rpS21
Promoter

The hamster rpS21 promoter activity was compared to the
hamster [3-actin promoter activity for expression i CHO-
DXB11 cells. CHO-DXBI11 cells were transiected with
expression vectors contamning human o-glucosidase
(rhGAA) operably linked to either the hamster rpS21 pro-
moter of SEQ ID NO:39 (pGZ3IC-GAA) or hamster 3-actin
promoter of SEQ ID NO:1 (pGZ6IC-GAA). In both cases the
rhGAA gene was linked to the gene encoding a cell surface
marker (CD20) through an internal ribosome entry site
(IRES) sequence. After selection of cells with 0.2 uM MTX 1n
nucleotide deficient medium, the cells were labeled with a
FITC-conjugated antibody to CD20 and sorted by FACS for
high expressing clones. Selected cells were plated 1n 96-well
plates and expanded for evaluation of rhGAA expression. 38
clones were analyzed for the hamster rpS21 promoter, and 29
clones were analyzed for the hamster p-actin promoter. Table
5 shows the distribution of expression ranges in the resulting,
clones for both promoters.

TABLE 5
GAA GAA GAA GAA
Expression  Expression  Expression  Expression
<2 pg/ 2-5pg/ 5-8 pg/ 8—10 pg/
Vector cell/hr cell/hr cell/hr cell/hr
pGZ3IC-GAA 16% 50% 26% 8%
pGZ6IC-GAA 52% 34% 14% 0%

In a separate experiment, the hamster rpS21 promoter was
used for expressing ASM in CHO-DXB11 cells. The activity

of the rpS21 promoter was compared to activities of both
B-actin and CMV promoters. CHO-DXBI11 cells were trans-
fected 1n triplicate and either selected directly at 200 nM

MTX, or imitially selected at 20 nM MTX and then amplified
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for two weeks at 200 nM MTX, as discussed in Example 7.
Levels of ASM were measured 1n the media as described.
ASM expression 1n untransiected cells was undetectable.
As summarized in Table 6, all three rpS21 pools showed 2-
to 3-fold greater levels of ASM after amplification relative to
the starting 20 nM pools, from which they were derived.
Further, the levels of ASM generated were higher than the
levels generated with the CMYV promoter (Example 7).

TABLE 6
Expression of ASM  Expression of ASM
nU/cell/24 hr nU/cell/24 hr
Pool (at 20 nM MTX) (at 200 nM MTX)
rpS21-ASM Pool A 12 34
pS21-ASM Pool B 13 30
rpS21-ASM Pool C 16 41

The levels of ASM expression generated with selection of
the pools directly at 200 nM MTX are summarized in Table /.

TABLE 7
Pool ASM Expression
CMV-ASM Pool A 38
CMV-ASM Pool B 193
CMV-ASM Pool C 44
p-actin-ASM Pool A 381
P-actin-ASM Pool B 125
p-actin-ASM Pool C 515
pS21-ASM Pool A 342
pS21-ASM Pool B 60
pS21-ASM Pool C 51

The levels of ASM generated from the hamster rpS21 pro-
moter at 200 nM MTX were on average about 1 to 2 times
greater than that with the CMV promoter. The ASM levels
generated from the 3-actin promoter, on the other hand, were

SEQUENCE LISTING

<lo0> NUMBER OF SEQ ID NOS: 41
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 32007

TYPRE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 1
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on average about 3 to 4 times greater than that with the CMV
promoter. Thus, the rpS21 promoter was at least as active as
the 3-actin promoter when used for expressing GAA, how-
ever, 1t exhibited lower activity than, the (-actin promoter
when used to express ASM. Both promoters, however, were
more active than the CMV promoter.

The specification 1s most thoroughly understood in light of
the teachings of the references cited within the specification
which are hereby incorporated by reference. The embodi-
ments within the specification provide an 1illustration of
embodiments of the invention and should not be construed to
limit the scope of the mvention. The skilled artisan readily
recognizes that many other embodiments are encompassed
by the mvention. All publications and patents cited and
sequences 1dentified by accession or database reference num-
bers 1n this disclosure are incorporated by reference 1n their
entirety. To the extent the material incorporated by reference
contradicts or 1s inconsistent with the present specification,
the present specification will supercede any such material.
The citation of any references herein 1s not an admission that
such references are prior art to the present invention.

Unless otherwise indicated, all numbers expressing quan-
tities of ingredients, cell culture, treatment conditions, and so
forth used 1n the specification, including claims, are to be
understood as being modified 1n all instances by the term
“about.” Accordingly, unless otherwise indicated to the con-
trary, the numerical parameters are approximations and may
very depending upon the desired properties sought to be
obtained by the present invention. Unless otherwise 1ndi-
cated, the term *“at least” preceding a series of elements 1s to
be understood to refer to every element 1n the series. Those
skilled 1n the art will recognize, or be able to ascertain using,
no more than routine experimentation, many equivalents to
the specific embodiments of the invention described herein.
Such equivalents are intended to be encompassed by the
following claims.

OTHER INFORMATION: beta-actin promoter isolated from CHO cells

gggaccaaga
gggccagagt
aggtcctgcc
aggccoccocac
aggctcccect

cccccacctg

actgagagat

tgctgggaaa

ctcttttgty

cagaaccata

gcctgecect

tgggaatctg

ttattcctgce

gagaacactg

tgaattgcag

acagggccag

gttctctcte

ggaaccacag

agccagtggyg
tgaaccgtcc
gtctgctcct
acccctggtyg

ccggcagtcec

ggctggeagy

ggccadgygca

tcaggcccag

agtagccctg

atagatcaga

cagggaccag

acttagtaaa

gtaggtggcy
tcattgacag

tcctcaggca

gtcccecgtecc

gttggtgact

aacgtggggyg

aatgttccag aggtgggatyg 60
aggtgacaaa gtggcaacac 120
gectgcecctggt gtcacacaag 180
tcttctecce tgcagceccacce 240
gcagtattcg ctctgcccecca 300
gctggcaaac cgcctgaaca 360
cecggagdgeayg ggagggdacy 420
gcagaaggct tctgtcaaat 480
tgtgcttcca gtatactctyg 540



gggtcaccct

cacaaggaag

aagccttcct

gagacaggcc

CLCtcCctcCccca

actcccatcc

ctgacatttt

tctetggtygy

cccacagcct

gatagatggt

gcecttggett

catgacaagt

atcgggagac
tggtgtgtgg
Ctttgcttct
cagatctggc
ggccccegegt
ccttgccecat
ggtgcatgag
aagggcdgag
tctccatcct
CCCCCLLLtgcC
gtgagtgagc
cgagtggccg
ccgcgtcecac
accaggtaag
gctgcagggt
ggccgcgygay
cgcattgcca
gaacccatta

ccgtatetgc

cttggtggcec

ggcgceyggcedy

atggctgggt

caagttaaac

gcggggcecegt

cctgetgggt

gggﬂttgﬂgﬂ

ggaccagcgt

agtttgggcg

ttccatactyg

ttggtccagc

tggtttcaac

cgagcatctc

ggaggtgtgt

ctagtgtagyg

gataaatagg

attgagggct

ccagatggac

gggtcccagce

agttttttgce

tttgcettgtt

atcttcctgc

ccectgagtcet

aaattgtacc

tttccggcta

gttcctcaaa

cgaggtactc

ccccagaatyg

gcccagtcat

cttccectcaat

aaaaggaggyg
ggcgcgdgagce
ctgtggcgtc
ccgcogagcac
cagggacaac
cgcggygyac
cggacacttt
cggtgtagac
gggtcgcagt
ccaccttggy

catgggtctt

gcccecggcetcy
attggggcgc
ttgcgcgtgce
tgtccggaag
gtggtcgect
ccgtttgggyg
ttgcctctta

cgcgecccct
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gaggcctcetyg

ctccceccacgce
acctacactc
atctgaagca
gtccctctaa
tatcagctga
cccatgttta
ccaagaacta
tagaacacag
ccaacagtgc
ctgggtgtga
ctatagagca
aacagctcca
cctaagtggce
ccaacacacc
ttgctggcaa
caagaagcca
aatgttcacg
caggcttgat
gcatgttcgy
ctcggcectttce
gagagggggt
caatcagcgc
ctataaaacc
aggcctttcg
aggcccagcc
actcggcgceg
cagatccaac
accggtggac
gtgggcgcta
gggaggacac
tgtctaaacc
gcecgggtggyg
gtgcacgcty
gtattgagac
gggcggggtc
ccocgegegog
aggyggggycgya

tggtaataac

ggcdygcccda

caacttcaaa
agggccactg
actgagcccc
ccecttettge
gctaagccag
agagcttcct
gdgagagcagyd
ctctttgagce
ttcggctgtyg
ctggcaatca
tcaggcagcce
cagttccttt
gtcactggac
ccaaacctgt
tagcaaattg
gggggagtga
cgtaaacata
tgatatccac
aaccgagacc
gcctatgggy
CCctctcCctcte
aaaaaaatgc
tcgecgttec
cggcggcogca
cagctctttc
ggccacagcc
gacaccyggyy
tttcagtcca
ccgcetetgge
tgagagccga
aaggtcggga
ggtttgccca
ggctgggttg
gggagggagc
ttggagcgceg
gcagcggctt
cactagccgce
ggcctggcett
gcgygccggcc

ggccgegget
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atgctctget

ctgcagtcca

tactatgtgt

ctaaattcag

gggtccctca

gagcagaaca

ggtccggggyg

acgctgccec

gctgcacata

cccagagceca

ctccaaaact

ctaggtctgg

caccaggctc

gaagacccct

AdacCcCcCacc

ctcccggcecce

aaccgagcct

acccagaggyg

ctgaatcggyg

ccagcaccca

CCCCCCCtCtEL

tgcactgtygce

gaaagttgcc

acgcgcagcc

ttcgcegcetce

ctcocegtggy

aaggctggag

gggtgtagac

tcagagcacg

tgcagctttce

gccaaacgcc

tttggcttge

ccactgcgcet

CCttcctcett

gccaccgggy
cggggcgcect
ccgceygygceygy
cctgececgtgy
tgggcttcct

tgccggaagt

accaacctag

tatatggact

atgcagagcc

ttttetgtca

CCCCthCCC

ctcttgggty

cgggagatct

tcccagagtce

actaacagag

ccagctaacy

gcccoggactc

gycaagydygac

gccctgtett

ccaaccacay

agaagtcccc

attcaatcca

ccatgctgac

ccctggggtg

cagtgtccac

acgccaaaac

CCCttatttt

ggctaggccg

ttttatgget

actgtcgagt

cacaccCcycc

cagtgaccgc

ggtggtgccg

cctttacagc

cggcettgggyg

gggtgttgaa

acgatcatgc

cyggcgdgygey

tgcgcgetet

cCceccectetec

ttgggcgagy

gctcgegcett

ggcgaaggcd

ggccgcectcec

ttgtccectyg

gggcagygggcy

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

24
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gcagcggctg cgcecctagtgg cccgctagtg accgcgacce tettttgtgce cctgatatag

ttcgccg

<210> SEQ ID NO 2

<211> LENGTH:
<212> TYPE:
<213> ORGANISM: Rattugs norvegicus

2493
DNA

<400> SEQUENCE: 2

tgtgggaaag

gtcacccttt

caaggaagct

ttcettggtt

gccatggcag

gtcactctct

ctctgatccc

cttaggtgayg

agcacttccc

agtgtacagt

caacgatgcc

ggtgtgatca

tgagcacagt

aacacctcca

ggtcaagatc

acctagcaaa

gcaagggyyga

gccactcaaa

ccegtgacat

tagtaaccga

tgggcctacy

ctcteteget

Jg9gagagygddy

gccaatcagc

tcctataaaa

acaaccttct

tcgggceccag

cactcagaag

gcaaagctta

acactcgtygy

gtgggcattt

gggacacagt

ccaaaccggt

ataaagtcgc

ccagactgga

ggtctggcct

CCcaacaccta

gtccagagca

cccaggagtt

ctgctgtagc

gagagcaygdy

tgagtagttt

tcagctgtygy

tggcagtcac

ggcagccctce

tccotttetag

gtcactggac

cctgaagacc

ttagaactgc

gtgactctct

tagggtccgg

ccacacccadg

gtcactgaat

gaaccagcac

Cgcttttttt

gtaaaaaaat

gcccecgecgtt

CCCyyCydycCcdy

tgcagctcct

cgggcecccaa

ggacaccgta

actttccgcec

gcacgctcct

ggagagccdy

attgggagtc

tttgcccatt

tctgaacctyg

ggcctcetgcea

cctcatgcac

cactttgtga

tcccacctga

gtgcgtcctt

tatcagccaa

ggttcttete

gtcactccca

ctgcacataa

ccagagccac

caaaagtgcc

gtcecggggcea
caccggggct
ttcccaacca
agcagaaggc
gcccattcaa

gccttcaagce

agggtcctgg
gggatagtgt
ccatcgccaa
CCCLTCCTtLtttL
gctgcactgt
ccgaaagttg
caacgcgcag
ccgtegecygyg
ctttaccttyg
gaggggtgga
tagggtgtag
gcttggtgceg
tgcggcttgce
aggcgttaca

cggcttggcyg

ggggtgtgtt
acttcaaaat
agccactgta
gccagtgcac
agcattctcc
ctaagctaag
atggctagcet
tctggaggat
gagtccccgt
tacatagagg
tagctaacgg
ggactccatyg
gaggatatct
tgccctatcec
cagctctgcet
ccccagatcet
tccagacccc
tgaccctcgce
ggtgggtggg
ccacaagggc
actcttcatce
CCCCCCCLLL
gcgygcgaggc
ccttttatgg
ccactgtcga
tccacacccg
gccactacct
gcgtggtacc
agtgtttgca
cggggcettgg
gggtgttaag

atcacgcttt

ggcgegygegy

tccagtatgce

gccctgeocac

gcccatatat

acctactatg

ttgcctaaat

ctgagggacc

tcctgagcag

ttggggctct

ggccagcaga

ctagatggtyg

cccaggctta

agaagttttg

ggaggcatct

ttgggactct

tccaagttgt

ggctttcctyg

gtgtgtccct

ccacttaggt

tgacccccag

gggggctatt

CCCttcctca

CCCCCCCCCLL

cggtgagtga

ctcgagtggce

gtccgegtcec

ccaccaggta

cgctgcagga

gggcegcegya

gtcgtattcc

ggacacacta

ccgcatcetgt

gatggcctat

ggccggctceg

tggagtggtyg
aagcctagaa
ggatgaagcc
catgtgtaaa
atagctttcet
cgaccctcaa
aactctccta
ggtgaccacc
tgaacagttc
ggctccagec
gtcttgectyg
cttgttcgat
tcctgcaaca
ggccttgagt
accccaacac
actattgcta
caaacaaaag
gatcattatt
aatacaggcc
cttgtccatc

atctcegettt

gcaaaaggag
gcgacgcgga
cgctgtggceg
acccgegagt
agcagggacg
tcgtgaggaa
gcggacactyg
cgcggtgtag
gagtcgoggt
ccaccttgag

gggtctttgt

gcegggtggy

3000

3007

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

26



ggctgggatyg
ggygagygygaac
taggagcgcy
cgtagcggcet
actagccgcec
gcctggcette
cggctgtcect
gcogoeggcett
ccatagccect
<210>

<211l>
212>

ccattgecgeyg

CCLEtCccCctctcC

gccecgecacgy

agggcgcctg

cgtcgectcea

Ctgﬂﬂgtggg

gcgcttectt

gccggaagtg

cttttgtgec

SEQ ID NO 3
LENGTH:
TYPE :

2953
DNA

27

tgcgcgcetcet
ccectettec
gttgggcgag
ctcgegettc
gtgtaggcgg
tccgectoecy
tgtccectga

ggcagygcedy

ttgatagttc

<213> ORGANISM: Mus musculus

<4 00>

agaccagaat

ggactgagag

ctagtaaagc

tgatggcatc

cttattgaca

gtccttgggce

agtcctgtcec

ctgcagaaga

tgtttccagt

aacttcaaaa

tggatgaagc

tgcatgcact

atccagcettt

tcecggecectc

gaacactggt

cggtgaccac

atggactagt

cccagceccag

ttgcctgggt

gttctattga

tgcaacacct

tgagtctcta

tgaaccccaa

tttccggceta

ggcccaegegt

cctcatccac

gttgggtgac

SEQUENCE: 3

tgtttcagag

gtgacaaagt

tgtctggtgt

Cttctcecectt

ggcagcattt

agctggcaaa

ccocggaggcea

cttttgtcaa

tCcacagcata

tgcccetygeca

cttetttggt

gaggcacgge

ctgtcacact

aaccctgacc

acttaggtga

caacttttcc

gcacaactca

cgatgtctgy

gtgatcaggc

gcacagttcc

ccagttattyg

agaggtcaag

cacacctagc

ttgctagcaa

gtccctcaaa

ttaagtgctc

ccccagaatyg

gtcgggtggyg

ggcaacacag

cacccaagag

gcaccCcCacc

gccctgeccece

ctgcctgagc

gggaggagac

ACCCCCLELCLLL

tgetggggty

ccagccaaga

ttcaacacct

aggcccagag

ctcccagaag

ccgtgtgtag

ggdggygacaygy

ctgagcagct

gctgtggetyg

cagtcaccca

agttctccaa

tttctagatc

gaccactggyg

atccatgaaa

aaattagaac

ttgctagcaa

caagaggcca

gatatccacyg

caggcctagt

atcactgggc

gagttaagag

ggcgggyggcecy

Ctgﬂtgggtg

ggcctgtgcec

ggccagcgtt

gcttgggcygc

cagcggctgc

gcc

gctgaggtgce
gtcctgecty
gctccctceca
agggttctcc
acccccacct
aactgagaaa
tgcctgggaa
tttttttggt
atggtcacct
acaaggaagc
acactttgtg
catctcacct
gtgcgtgtcc
ctctcagceca
ggctgcttct
tgtcactccc
cacataataa
gagacactag
aagtgcctga
cggggcagygdy
gctegececta
acctctccaa
cacagcagaa
gggggagtga
cacaaatagg
tgacatccac

aaccgagaca
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attggggcgc
ttgcgcgtygce
ttgcccggaa
tggtcgcctc
cgtttgggga

tgccttttat

gcgccoccoctyg

tcttggcggce

ctgcccecettyg

ggaatctggt

catcctgcac

tgggaatact

gtgacttgca

tacaaggcca

agttctctca

gggaaagata

cttccagaca

tggccactgt

agccagtgaa

gaagcaccct

ttctaagcta

aatagctggce

ctctggagga

agaatcccca

atagaggata

ctaacggccc

ctccatgaga

gatatctgga

tgcttgggat

ccagagttct

ggggcccccc

ctctectgtece

gtccgggcect

acccagaggyg

ttgaatgggg

gtgcgcegcetg

gtattgagac

ggggcggggt

ccgogagcegce

g99949g4cggay

ggtaataatyg

geggcetegag

tccgeggtga

accagtccca

ctgctctaac

ccectgatgge

ctgggctctce

ggactggcag

gggccaggye

gggttggtga

actaggggtg

aggcctcecagce

agtccatata

cacctaccta

tcttgcctaa

agctgaggga

ttgctaagta

tttggggctc

cggctggcag

gatggtgggce

aggcttagtc

agttttgttt

ggcatcttct

aggatggcct

gcttccaagt

cggatctggce

attcaatcca

cgatgctgac

tCCtggggtg

cagtgtccac

2040

2100

2160

2220

2280

2340

2400

2460

2493

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

28



aaggyggcedygay

cttcatcctce

CCCCCCCELE

gccggtgagt

ggctcgagtg

gagtcgcgtce

gccaccaggt

tcactgcagy

cgggccygeygy

gccacattcc

ggacacacta

agccgtatta

ctcaatggcc

ggcgyggcyddy

cgtgcgcetcet

tcececectett

ttgggcgagy

tttgcegettc

gtgtaggcgg

tcecgectecy

tgtccectga

ggcagggcedy

ttgatagttc

gctattcctyg

Ctcctcaatce

tttcaaaagy

gagcgacdced

gcegetgtgyg

cacccgcegag

aagcagggac

gtcctgagga

agcggacact

cgeggtgtag

gggtcgeggt

ggtccatctt

tctgggtett

cyggygcygceggce

ctatcactgy

cctagttagce

geggggecgt

Ctgﬂtgggtg

agcttgecgcec

ggccagcgtt

gﬂttgggﬂgﬂ

cagcggcetgc

gcc

<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPE:

4164
DNA

29

tacatctggg
tcgetttetc
aggggagady
gagccaatca
cgtcctataa
cacagcttct
gccgggcecca
tcactcagaa
ggcacagcca
acactcgtygg
gtgggcattt
gagagtacac
tgtccaaacc
agggcecggcet
gcatcgaggc
tgcgegtgceg
tgtccggaag
tggtcgcectce
cgtttgggga
tgccttttat

gcgccoccecty

tcttggcgygc

cctacggagc

tctegetttt

gggtaaaaaa

gcgcoccgocy

aacccggcgyg

ttgcagctcc

gcgggectte

cggacaccat

actttacgcc

gccecgetece

gatgagccgyg

agtattggga

ggtttgccta

cggcecgggtyg

gegtgtgegce

tattgaggct

gggcggggtce

ccgogaegegc

Jgdgggcggay

ggtaataatg

gcggcetegag

cccgaggtga

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 4

aatgctgcac

gttccgaaag

gcgcaacgcy

ctttettege

cagccctccc

cyggggaagyc
gtccagggtyg
ctggctcaga
gccgatgcag
cgggagccaa

gcccatttgyg

ggttgccact

tgtgcggcta
ttgcctttta
cagccactgt
cgctceccacac
gtgggcagtyg
tggagggtgg
tagacccttt
gcacgcggct
ctttcgggtyg

acgccacgat

cttgcecgggc

gcgcettgege

ggccggtgag

tggctcgagt

cgagtccgcy

ccgcocaccag

accgcecgcetgc

tgﬂﬂgggﬂﬂg

acagccgcat

tgggggaacc

ttgaaccgta

catgccecttgy

gggcygyggege

gctcectatggce

tgagcggcegce
ggccgcetgtyg
tccacccgey
gtaagcaggyg
agggtcgcgg
cggagaggac
tgccacggty
cattagggtc

ctctgcceccacc

tggcccatgy
ggcgggceccy

tgggtattgg
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cagcacccat

CCCCCCLLEC

atgctgcact

ttccgaaagt

cgcaacgcgc

ttcgttgecg

gctctectegt

gggcgggtygy

tagcgtgtag

gctocggtgcg

tgcggcecttgce

accagacgct

ttcggettge

ggggctggga
tagggaggga
gggagcygegy
acagtggcac
acaagccgcce
gtctggcttc
cggccggtet
ccegeggcett

ctatagcctt

ggagccaatc

gcgtcectata

agcacaggcc

acaacaggcc

gggacactcyg

actttcagat

tagacaccgyg

gcagtgtggyg

ttggggggag

gtectttgtet

gﬂtﬂggﬂﬂgg

ggcgcegtgca

cgccaaaact

CECCLLCCLtLLC

gtgcggegag

tgccttttat

agccactgtce

gtccacaccc

ggctagtacc

agggtggtgce

actctttgca

tggggcttgg

gggtgttaaa

acgatcacgc

cygggcygygygcey

tgccactgcg

gctcttoctc

ctgcccgggyg

gggcgccttg

cgtcggcegca

ctgccctagyg

gcgcecttoctt

gccggaagtg

cttttgtgte

agcgctegec

aaacccggcyg

tttcgcaget

cagccggceca

gcgceggacac

ccaactttca

tggacccgcet

cgctatgaga

gacacaaggt

aaaccggttt

gtgggggctyg

cgetggggag

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

2953

60

120

180

240

300

360

420

480

540

600

660

720

30



ggagcccttce

gcgcggcecac

ggattcgggyg

gaccgcocgyg

tggcttcecty

Cﬂggﬂﬂtggg

gcggcettgec

cgaccctctt

tcgacaacgy

tcttcecatce

agcgatgcety

gcagggcgtyg

caagagaggt

cgatatggag

gcaccctgtyg

ccaggtcagc

tcaattgtct

tggaactttyg

tctgactagy

tgacaaacct

gtaggtttaa

ttcttgcact

ggcttttgga

accccagcca

actggcattyg

tanCtCtCC

ctcatgaaga

gtgcgtgaca

actgctgcat

accattggca

gagttgaagt

ctataagtct

aaactacatt

acacagtgct

agatcactgc

tggacccatyg

agcactcact

tctgtgtgga

agcaagcagyg

gactgttact

ctcttccocecc

cggggttggyg

cgcctgeteyg

Cg999999cy

Cﬂgtggggﬂﬂ

cttcatttgt

ggaagtgggc

ttgtgceccty

ctcecggecaty

catcgtgggc

gggttttect

atggtgggca

attctgaccc

aagatctggc

ctgctcaccy

agccagggtg

ttecttotgec

cagtttctgc

tgttttaaac

aatgaggctyg

aatggagccc

ctgcatgtcc

gtttgacaat

tgtacgtagc

tgatggactc

ctcatgccat

tcctgaccga

tcaaagagaa

cctcttcecctce

atgagcggtt

gacctagttt

atctttctct

caattccatc

gtctggtggt

tctggctcecc

atgggccctt

atcactgtgt

tcggtggcetc

agtacgatga

gagctgtgtt

31

tctcceccaagt
cgaggyggceddygd
cgcttectge
aaggcgggtc
gcctccecggac
ccectgagtt
agggcggcaa
atatagttcyg
tgcaaagccy
cgccectaggce
ggg9gggagag

tgggccagaa

tgaagtaccc
accacacctt
aggcccccct
gccacctcca
gttctcccat
tttttcecceyg
cctacggtgc
gtgataagtg
ctgtccectgayg
catatctgtc
gcctcatttt
cattcaggct
cggagacyggyy
cctgegtcetyg
gcgtggctac
gctgtgctat
cctggagaag
ccgttgecct
cttcatctaa
CCccCctttte
atgaagtgtyg
accaccatgt
agcaccatga
ccaggtcaac
cttggcttet
catcctggcec
gtccggcccc

ttacaccctt

taaacttgcyg

gcegttgtec

tgggtgtggt

ttgcgeccegt

cagcgtttgc

tgggcgcgeg

cggctgegcec

ccatggatga

gcttcgcggyg

accaggtagy

gtgaccatat

ggactcctac

cattgaacac

ctacaacgag

gaaccccaag

tctttgccaa

aggactctct

atgaggtcct

tgtgggtgta

gccttggagt

atttctcceeca

ctgacagtcc

tctttataga

gtgctgtccce

gtcacccaca

gacctggctyg

agctttacca

gttgcccoctgy

agctatgagc

gaggctcttt

tggtgaccaa

cctcaggtat

acgtcgacat

acccaggcat

agatcaaggt

ccecttgactyg

cagatcattyg

tcactgtcca

tccatcgtcc

tctttgacaa

US 7,423,135 B2
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cgtgcgtatt

ggaagyggycy

cgcctaccge

ttggggaggy

ctcttatggt

ccecectggeg

tagtggcccyg

cgatatcgct

cgacgatgct

tgacccttcc

tgagaacatc

gtgggtgacg

ggcattgtca

ctgcgtgtgyg

gccaaccgtyg

cttctaeggec

tctatgagcet

CCCCCCtCctct

ggtactaaca

gtgtattcag

gcacacttac

tacctgcecctt

tcatgtttga

tgtatgcctc

ctgtgcccat

gccgggacct

ccacagctga

acttcgagca

tgcctgatgyg

tccagceccttc

ctcttgatcet

ggaatcctgt

ccgcaaagac

tgctgaccgy

gagctaagca

tgggtaagac

ctcctcctga

cctteccagga

accgcaaatg

aacctaactt

gagacttgga

gggtcgcaga

gcgcgcacta

gycodyagacc

aataacgcgyg

gcccgagacc

ccagtgaccyg

gcgctegtty

ccecegggecy

ctttgcggygt

gttcceccectece

aggcccagag

ccaactggga

ccccoccgagga

aaaagatgac

anCCCtttC

gagtctccct

tgattgcctt

atgactcgtyg

tagatgcaca

cttagctgtg

gactacttgt

gaccttcaac

tggtcgtacc

ctatgagggc

gacagactac

gagggaaatt

ggagatggcc

ccaggtcatc

cttcctgggt

tgagaccatg

ggcatccacy

ctctatgcca

atgcagaagyg

tccttagect

aggagtccag

gcgcaagtac

gatgtggatc

cttctaggcyg

gcgcagaaaa

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

32



aaaaatgaga

aaaaggtttt

aactggaacyg

tgtggctgag

gagatggcta

tggctgagtc

tatggactcc

ggatggtcaa

tatgaaggct

tgtacactga

tgtggettty

agaggttcta

atgaccttta

tcttggttygg

tgcagcaaac

ttgggagggt

cggttcetett

gcatgggtat

caacattggc

JULCCLCCCCLCLC

gtgaaggcga

gactttgatt

caggaagtcc

cattccctga

caaaattttt

ccatcgtggc

tttggtctec

cttgagacca

ctagattctyg

gggtggtcetg

accagttatc

aagggtgtcc

aaccctgtaa

agctttactyg

gctttaccag

ctttceceecgy

<210> SEQ ID NO b

<211> LENGTH:
<212> TYPE:

2011
DNA

33

atggctttgt
ttttttgtgt
cagcagtcgy
gcacattttt
ctcaccctcec
gtccacaccyg
tLaaatcttc
ccCctTLttttt
ctgggagtgg
gtttaataaa
ggtagcagcg
ggccttgect
acaaataccc
atcctgaatt
tctcaacctt
cctttgagtt
atacatgatc

tacc

<213> ORGANISM: Homo saplens

<400> SEQUENCE: b5

gagctctgtce

atcaggtctyg

ccetgetety

cagttcaacy

ccecgeccat

agctgaaaga

aggctgggga

gactgtgaac

tggcctcectgc

gaactgaaca

ttgcctattyg

cctgaggtgc

accacctcca

cctetgtggt

gattcccgga

ccaaggcaag

ccgecacgec

tcttggceccag

ctctgcaccc

tagatccggt

ttccacgaac

cgccccacda

tacaaggcca

agtttgccct

ctgtgtctgc

aaccttcaag

agcagcctcec

cgacacacac

ccccacctca

aggagyygygya

cccacygccac

gcagaacgga

aaagggtgac

cccaatccte

ctgaatggag

caccttgctyg

cccatcecccea

ccccagaacc

cgccagcecygy

gydacaggac

tgcegtggggt

cactgtgtgc

ggaggagcag

ttcctggceca

tcaatgaaca

ccactcttcc

ggaggagygaa

tgatcgctgc

ccctgcccac

aaddacadgdd

tgtggcacat

CCCCLtgttt

tgttttggeg

ttggagcaaa

CCCCCCLLCLLL

caaaagccat

gggaggtgac

cgccttaaaa

CCCCCCLCLL

gttgaggtgt

gtgcacacct

g999a4y4g9y9y

agtagttttt

tgtccattga

gggaataccc

cctctaccett

ctgcaagaca

acaaagttta

gcccagcggce
cctggagcecy
ctgcccaccc
agccctcatc
gtgaactgta
agtcccatcec
ggtgatggag
tgggtggtgg
gtcccattgyg
caggttccat
cctactacgc
tatttttgtyg
ggcaggttcc
atgcccacca
ccggtettgt

tcttcecagy

ggagtcttgyg

US 7,423,135 B2
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CgCLCCLLCLttta

cttttgacte

catcccecccaa

aagtcattcc

ccceccattcecce

agcattgctt

CCCcttttgt

tttgtcccec

tgaggcagcc

tacaaacagt

tcactattac

agtgggaggda

gttctgaagt

cctgggccaa

tgtgggaagc

gtgggaagta

agggtgttaa

aacacaggtc

cccacctgac

caccccccca

aacaggcagc

gcgttggceag

ccaggaggca

gaggctcagc

Ccatctttcc

ctgagcacag

gtccttatat

gctgcaaaga

taaaaatcca

tctaggctga

cctgggtaca

gtgctactca

ctggctttga

tccccagagt

aAtttttttaa

aggatttaaa

agttctacaa

aagtacccat

tagaagagga

ctgtgtaaat

Ctttaatttt

caacttgatg

agggcttgcc

gctgettgtt

ctttgctcca

cacaagcatc

cttaattgtg

gttgggttcc

aggaatcctg

aaagcagtct

ggctccceccag

ctgcctggygyg

aacctctcat

gcactccacc

aagaagggcc
gtcctgaggc
gggagtatac
aagtcttctg
caccaggctyg
ccttgtacgt
ggactcatct
gccccecgcagyg
gcocttettgte
gccgaatgcec
cacagtctgt
gtggacagac
gttcctagceca

cceccagegy

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4164

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

34



cctecagatyg

ngtgggCCC

cccactaacg

gctccagggt

ggtaggtttg

tgtﬂﬂtgggg

ccacactcta

gctgagcccce

gcaagggygyda

tacagaaccc

tgcccaagayg

Caggccdggygy

gggggccacy

aactctccct

gg9gagayygy

gccaatcgcg

cctataaaac

gtctgggagyg

agacccaggc

cceccaggcect

aaaaggtgcc

tagccttcat

agtgtggtcc

cctctcaagc

acagccagag

gtgactgcct

agggccectgyg

atgtccacac

gcaggcctgg

gcgcgoegcecoc

cctcecctcecttce

ggtaaaaaaa

tgcgcecegttc

ccageggogc

<210> SEQ ID NO 6

<211> LENGTH:
<212> TYPE:

1278
DNA

35

gcagttcagc
tgtgtagacc
ggtcttggcet
ctgcccectgta
cacgggccac
tgcgactcta
ccaggtctcet
gtcctcaggce
ggccactcca
cacccgtgca
ctaggatgtc
ccatgcgggyg
ccageacccy
ctcaatctcyg
tgctgcactyg
cgaaagttgc

gacgcgccac

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 6

tcgaggtgag
Ctttgtatcttctt
cgcgcogecag
gcggcagceca
cggcggcecct
cgtgcccocgc
ccacaggtga
tgacggctcg
ttgtgcgggy
gtgcggccecg
ctccgecgtgt
cgagggdaac
cgcggeggtce
cggcttcggy
ggtggcggcea
gyggagyggygcy
ttgcctttta
gagccgaaat

gcgeceggceay

ccceccacgttce

atttattttt

geggggcdddy

atcagagcgy

ataaaaagcyg

tccgegecgc

gcggygcegygyga

CCCLCLCCLEtct

gggagcggcet

cgctgceccecgy

gcgcdagydy

aaaggctgcy

gggctgtaac

tgcggggctc

ggtgggggtyg

Ccggceggeccc

tggtaatcgt

ctgggaggceg

gaaggaaatg

tgcttcactce

tCaattatttt

geggggcedag

cgcgcectcecga

aagcgcdgeygy

ctcgecgecgc

cggcccttcet

gtggctgegt

cggggggtgce

cggctgtgag

agcgcggecy

tgcggggtgt

cCccecceccccetygce

cgtgeggggc

CCgggcygggy

ggagcegcecdy

gegagagygge

cocgocgcacc

ggcgygygadgy

tgtggctgcy
cagccaccecc
gggcgtgact
gagcccactt
ctccagccac
atggccgcaa
ccctagtgac
cctgcectttea
tgccctceccaa
gaccctggec
ccgeggtggyg
ccgaaccggy
ggcccagcac
ctctegetcet
tcggcgaagc
cttttatggce

C

tcccecatcete

gtgcagcgat

Jg9gcyggggcd

aagtttcctt

cgggcgygygay

cocgocacggc

cctcocgggcet

gaaagcctta

gtgcgtgtgt

Cgﬂtgﬂgggﬂ

ggggceggtgce

gtgcgtgggy

accccecectec

gtggcgceggy

CygyygCcCcycCccC

cggctgtcga

gcagggactt

ccectetageyg

gccttegtge

US 7,423,135 B2

-continued

catagcagac

gccccecgceagt

gttaccctca

cctteccagy

tggaccgctyg

gccacctgac

ccacccagca

gggcagttgc

gagctccttc

caccccacct

tggggggccc

cactgcccag

cccaaggcygyg

CCCCCCCLLL

cggtgagtga

tcgagacggcec

cceecectece

g9999d4cygyggy
gggcygayggygcey
ttatggcgag
tcgctgegtt
tctgactgac

gtaattagcyg

aagggctccg

gtgtgcgtgyg

gceggeygcegyy

ccegeggtgce

gggtgagcag

ccgagttget

gctcgecocgty

tcgggcecggy

ggcdgeggceyga

cctttgtecce

ggcgeygggey

gtcgcoccecgegc

atacaacgga

gcctaggtca

aaagcaggca

gctgeggcetyg

gccectgecc

tcccecceccaaca

catttagcta

tctgaagtcg

tgcaggagcg

gggcgctcag

gagadgacygygd

cgtggggcegce

ccaacygccaad

cgcaaaagga

gceggeygegyy

geggeyggceyge

ccacceccecccaa

9999999999
gagaggtgcyg
gcggcegyceygy
gccttegecc

cgcgttactce

cttggtttaa

ggagggccct

ggagcygccygcC

gctttgtgcy

gggggggctyg

ggggtgtggyg

gagcacggcc

CCcggygcydygdd

gagggctcgg

gccgcagceca

aaatctggcg

aagcggtgceyg

cgccgteccec

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2011

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

36
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-continued

Ctctecatct ccagectegg ggcectgcecgca gggggacggce tgcecttcecggg ggggacggdg

cagggcgggyg tteggcecttcet ggegtgtgac cggceggggtt tatatcttec cttetetgtt

cctececgcecage

cagccatyg

<210> SEQ ID NO 7

<211> LENGTH:
<212> TYPE:

3668
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION :
cells

<400> SEQUENCE: 7

Ccttccectceccecac

catcaaactc

cttctteatg

ccectecagtyg

ttgtttgatg

tgactgtctyg

ctgggctata

tgcctttaat

gggctacata

dadaacadaac

ctcgttatet

cgggaccaag

ggggcecagag

caggtcctgce

gaggcccocca

caggctcccc

acccecceccacct

aactgagaga

gtgctgggaa

Cctcttttgt

ggggtcaccc

gcacaaggaa

taagccttcc

cgagacaggc

actttctccce

cactcccatc

gctgacattt

ttctetggty

cecCcCacaycCcC

ggatagatgg

ggccttggcet

o s ol ) i o2 ol o o] &

aacaactcag

gctgaggaca

tgtgtgtagt

ttgtgggggt

catagctact

tagggagaca

cataacactc

gagaatttga

ccccacacac

cttgctttet

acagaaccat

tgcctgeccce

ctgggaatct

cttattcctyg

tgagaacact

gtgaattgca

tacagggcca

agttctctet

gggaaccaca

Cttccatact

gttggtccag

ttggtttcaa

ccgagcatcet

aggaggtgtyg

cctagtgtag

tgataaatag

gattgagggc

tccagatgga

tgggtcccag

tagttttttyg

cccaccecccca

gcatccecccect

cccaggcecag

gggaggaagt

tgggggcagt

caggaagctyg

ctatttcaaa

aggaagtaca

ggccagtcta

aaaaaaaact

ctcatgccta

aagccagtgy

ttgaaccgtc

ggtctgctcce

cacccctggt

gccggcagtce

gggctggcag

gggccaggge

ctcaggccca

gagtagccct

ggaggcctct

CCtCCCCan

cacctacact

catctgaagc

tgtcectcta

gtatcagctg

gcccatgttt

tccaagaact

ctagaacaca

cccaacagtyg

Cﬂtgggtgtg

cectgtttte

ctggcectygce

gcagcctcegt

gggggtgttg

gctgagttaa

agdcagyaad

caaacaggag

ggcagygagyga

ggctgcgtga

tcccaacaaa

agagaacact

gatagatcag

ccagggacca

tacttagtaa

ggtaggtggce

ctcattgaca

gtcctcaggce

agtcccecgtcec

ggttggtgac

gaacgtgggg

gcaacttcaa

cagggccact

cactgagccc

acccttetty

agctaagcca

aagagcttcc

addagagcad

actctttgag

gttcggctgt

cctggcaatc

atcaggcagc

tgtgctetet

catcttctca

attcatccaa

gagcccctca

gactagcctyg

atgaggagtt

gagctgggca

ttaggagttc

gacactgtca

ccaagaaaat

ggaaaatggc

aaatgttcca

gaggtgacaa

agctgectygy

gtcttctccc

ggcagtattc

agctggcaaa

cccggaggca
tgcagaaggc
gtgtgcttcc
aatgctctgce
gctgcagtcc
ctactatgtg
cctaaattca
ggggtccctc
tgagcagaac
gggtccgggyg
cacgctgccc
ggctgcacat
acccagagcc

cctccaaaac

cctgtetgea

gggtcctctc

cagaacagag

aagggctgtc

aatagcacca

gdadgyccagc

tggtggcata

aaggttactt

dddadaacdaaad

caatctctct

cattgcagac

gaggtgggat

agtggcaaca

tgtcacacaa

ctgcagccac

gctctgoccc

ccgcectgaac

ggdaggggac

ttctgtcaaa

agtatactct

taccaaccta

atatatggac

tatgcagagc

gttttctgte

accectgcecc

actcttgggt

gcgggagatc

ctcccagagt

aactaacaga

accagctaac

tgcccggact

1200

1260

1278

longer beta-actin promoter sequence from CHO

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

38



ccatgacaag

catcgggaga
ttggtgtgtyg
gttttgctte
ccagatctgg
aggccccgog
ccecttgeccea
gggtgcatga
caagggcgga
ctctceccatcece
CECCLLCLLLLg
ggtgagtgag
tcgagtggcc
tccgegtceca
caccaggtaa
cgctgcagygy
gggccgcgyga
ccgcattgcec
ggaacccatt

accgtatctyg

ccttggtggc

gggcygcegygcey

tatggctggg

ccaagttaaa

ggcgygggcecy

tcectgetggy

ggggcttgceg

cggaccagcyg

gagtttgggc

ggcagcggct

gttcgcecg

ttttgettgt

catctteccty

gccctgagtce

taaattgtac

ctttccecggcet

tgttcctcaa

tcgaggtact

gccccagaat

ggcccagtca

Ccttcctcaa

caaaaggagyg
cggcgcdgay
gctgtggegt
ccocgegagea
gcagggacaa
tcgeggggga
gcggacactt
acggtgtaga
agggtcgcag
cccaccttygg

ccatgggtcet

ggcccggctc
tattggggcy
cttgcgegtyg
ttgtccggaa
tgtggtcgcc
ccegtttggg
tttgcectett
gcgogeccecc

gcgcecctagtyg

<210> SEQ ID NO 8
<211> LENGTH: 19©

<212> TYPE:

DNA

39

tctatagagc
caacagctcc
tcctaagtgy
cccaacacac
attgctggca
acaagaagcc
caatgttcac
gcaggcttga
tgcatgttcyg
tctcoggettt
ggagagygygy
ccaatcagcyg
cctataaaac
caggcctttc
caggcccagc
cactcggcgc

tcagatccaa

caccggtgga
tgtgggcgct
gdgggaggaca
ttgtctaaac
ggcecgggtgyg
cgtgcacgct
cgtattgaga
ggggcggggt
tccegegegce
gagggggcyy
atggtaataa
tggcggeccyg

gcccecgcectagt

acagttcctt

agtcactgga

cccaaacctg

ctagcaaatt

agggggagtyg

acgtaaacat

gtgatatcca

taaccgagac

ggcctatggg

ctctctctcet

taaaaaaatg

ctcgecogttc

CCygCyggCygcC

gcagctcttt

cggccacagc

gyacaccddy

ctttcagtcc

ccegetetgy

atgagagccyg

caaggtcggg

cggtttgcecc

gggctgggtt

gg9g9gagygggay

cttggagcgc

cgcagcggcet

gcactagccyg

aggcctggcet

cgceggecgge

Ay CCygCcygycC

gaccgcgacce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 8

gctctttett

cgccogcetec

<210> SEQ ID NO 9
<211> LENGTH: 19©

<212> TYPE:

DNA

US 7,423,135 B2

-continued

tctaggtctg

ccaccaggct

tgaagacccc

gaaacCccCcac

actcccecggec

aaaccgagcc

cacccagagyg

cctgaatcgyg

gccagcaccc

CECCCCCtCtEL

ctgcactgtyg

cgaaagttgc

aacgcgcagc

cttcgecget

ccteocegtygy

gaaggctgga

agggtgtaga

ctcagagcac

atgcagcttt

agccaaacgc

atttggettg

gccactgcgc

cccttectcet

ggccaccdydy

tﬂggggﬂgﬂﬂ

ccocgecggceg

tcetgeegty

ctgggcttec

ttgccggaag

ctettttgtg

forward primer for beta-actin

ggycaaggya

cgccectgtet

CCccaaccaca

cagaagtccc

cattcaatcc

tccatgctga

gtﬂﬂtggggt

gcagtgtcca

dacygccadadad

CCCtttattt

cggctaggec

cttttatggce

cactgtcgag

cCacacCcCdcC

gcagtgaccy

gggtggtgcec

ccctttacag

gcggcettggy

cgggtgttga

cacgatcatg

CCgyggcygygygce

ttgcgegcetce

cccecectete

gttgggcgag

tgctcgeget

ggdcdaagge

gggccgectc

tttgtecect

tgggcagggce

ccctgatata

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3668

195

40



<213>
<220>
<223>

<4 00>

US 7,423,135 B2

41

-continued

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: reverse primer for beta-actin

SEQUENCE: S

accaccctcec agccttccc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 10

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: forward primer for EF-1

SEQUENCE: 10

gaacgcaggt gttgtgaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 11

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: reverse primer for EF-1

SEQUENCE: 11

ctcggcagec tecttet

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 12

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: forward primer for rpsS22l

SEQUENCE: 12

gtggacctgt acgtgc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 13

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: reverse primer for rpsS22l

SEQUENCE: 13

Ctctcacttt tatttatgac

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 14

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: forward primer for ferritin

SEQUENCE: 14

cgccagaact accaccagga ¢

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 15

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: reverse primer for ferritin

SEQUENCE: 15

ttcagagcca catcatcccg

19

20

17

lo

20

21

20

42



<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

US 7,423,135 B2

43

-continued

SEQ ID NO 1eo

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: forward primer for galectin

SEQUENCE: 16

tggtcgcaag caacctgaat ¢

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: reverse primer for galectin

SEQUENCE: 17

ttgaagtcac cgtctgceccgce

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 18

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: forward M13 primer

SEQUENCE: 18

gttttcccag tcacgac

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 19

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: alu repeat SAGE tag

SEQUENCE: 19

catggaagca gaat

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 20

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mitochondrial COX I SAGE tag

SEQUENCE: 20

catgcaggag cttc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 21

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Ribosomal Protein S21 SAGE tag

SEQUENCE: 21

catgggggag cgtt

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 22

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

44

21

20

17

14

14

14



<223>

<4 00>

US 7,423,135 B2
45

-continued

OTHER INFORMATION: Mitochondrial COX II SAGE tag

SEQUENCE: 22

catggtactg acac

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 23

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: GAPDH SAGE tag

SEQUENCE: 23

catggcctcece aagg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 24

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mitochondrial ATPase SAGE tag

SEQUENCE: 24

catgataata cgta

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 25

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: B-1 repeat SAGE tag

SEQUENCE: 25

catgccttta atcc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 26

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mitochondrial Cytochrome B SAGE tag

SEQUENCE: 26

catgaatcgg aggc

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 27

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: EF-1 SAGE tag

SEQUENCE: 27

catgaggcag acag

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 28

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Galectin SAGE tag

SEQUENCE: 28

catggcggca gacg

14

14

14

14

14

14

14

46



<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

US 7,423,135 B2
47

-continued

SEQ ID NO 29

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Alu repeat SAGE tag

SEQUENCE: 29

catggtggct caca

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 30

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Ferritin heavy chain SAGE tag

SEQUENCE: 30

catgttggct gccg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 31

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: unknown SAGE tag

SEQUENCE: 31

catgccctgt gecg

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 32

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Ribosomal protein L41 SAGE tag

SEQUENCE: 32

catgagagcg aagt

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 33

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Mitochondrial Dehydrogenase SAGE tag

SEQUENCE: 33

catgaggagg ccta

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

SEQ ID NO 34

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: beta-actin SAGE tag

SEQUENCE: 34

catgccctga gtcec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: forward primer for amplifying beta-actin

promoter containing intron 1

14

14

14

14

14

14

48



<400> SEQUENCE: 35

49

aggcccagcet tgggaccaag acagaa

<210> SEQ ID NO 36
<211> LENGTH: 27

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>» OTHER INFORMATION:

promoter containing intron 1.

<400> SEQUENCE: 36

cgcggatceg gcgaactata tcagggce

<210> SEQ ID NO 37

<211> LENGTH:
<212> TYPE:

1884
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>» OTHER INFORMATION:

<400> SEQUENCE: 37

atggcccgcet

caagacggga
ctggcgcetgyg
tctccecccaag
gggtggggga
ctgaagaagg
ctgaagatag
gtggaggtgt
tccacctgtyg
aagccgcoccc
ttcctcactyg

gacccactgt

tactggggcyg
gggctgggcec
gatgtctggc
gtgaggaagt
cctgtcaata
gJaagcgatgg
attggggggt
aatttttgtt
ctccagtggce
attggccaca
gtagccaggt
tttgaggtcet
cccagtgcaa

aactactccg

acggagcgtc
ccgocggagc
ctctgtctga
gccatcctgce
acctcacctyg
aacccaatgt
caccacctgc
ggagacgctc
ggcactggga
ccaaaccccc
acctgcactyg
gctgccgecy
aatacagcaa
cagccggcocc
accagactcyg
tcctgggygcec
gcttccoctec
ccaaggcttyg
tctatgetcet
ccegtgagaa
tggtggggga
ttccecccagy
atgagaacac
tctatgatga
ctacctacat

ggagctctca

actccgccag

cceccocggactc

ctctecgggtt

caggttacat

cccaatctgc

ggctcgcgtg

cgtgtgccaa

agtgctgagc

cattttctca

tagcccccca

ggatcatgac

gggttctggc

gtgtgacctg

ttttgatatg

tcaggaccaa

agtgccagtyg

ccoctteatt

ggagccctgg

ttccecececatac

cttctggcetce

gcttcaggct

gcactgtctg

cctggetgcet

agagactctyg

cggccttaat

cgtggtcectyg

agctgcoccca

ctttggatgy

ctctgggctc

cgcatagtgc

aaaggtctat

ggctccgtgg

tccattgtec

ccatctgagy

tcttggaaca

gccccaggty
tacctggagy
ctgccgeccy
ccectgagga
gtgtactgga
ctgcgggcecc
taccctgctyg
gagggcaacc
ctgcctgcecy
cceggtetec
ttgatcaact
gctgaggatc
aagagctgga
cagttctttyg
agcocggecgc
cctggttacc

gaccatgaga

US 7,423,135 B2

-continued

ggtccggcecyg
gcctggegcet
cggcagaggyc
cccggctecyg
tcaccgccat
ccatcaagct
acctctttga
cctgtggect
tctetttgec
ccecectgtceag
gcacggaccc
catcccacggcec
ccctggagag
caggagacat
tgaccaccgt
tgggtaacca
actccteccecg
aagccctgceg
gcctcatctc
ccacggatcec
gaggagacaa
gctggaatta
gccacactca
tggctgtagce
gtgtgtacca

cctacatcct

reverse primer for amplifying beta-actin

cDNZA enoding acid-sphingomyelinase

gyagcaygyya
ggcgctggceg
tcaccgctcett
agatgtecttt

caacctcggyg

gtgcaatctyg

ggatgacatyg
gctectgggc
tactgtgccyg
ccgcatectce
tgactgtgca
aggtgccgga
cctgttgagt
ccoccocgeacat
cacagcactt
tgaaagcaca
ctggctctat
caccctcaga
tctcaatatg
cgcaggacag
agtgcatata
ttaccgaatt
tgtggatgaa
cttcectggcea
aatagatgga

gaatctgacc

26

27

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

50



caggcaaaca

tatgggctgc

gacatgcaac

ccetgtggcea

agccctgcetc

tggccaaggc

taccgggagc

ccaacacact

ttttccagac

cgccctgecy

tgtgccgcca

cactgttttyg

<210> SEQ ID NO 38

<211> LENGTH:
<212> TYPE:

2859
DNA

51

cataccgcac
gcctaccgcec
cttcetggttt
tctggctact
cctgatgcca

ctga

tggcagcttc

tggcacaacc

ctctaccata

ctttgtgccc

gatgggagcc

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>» OTHER INFORMATION:

<400> SEQUENCE: 38

atgggagtga

ttggcaaccy

gagctgagtyg

agcagaccag

cagtgcgacy

gaacagtgcg

cagatggggc

ctgagctcct

cccaaggaca

ttcacgatca

cacagccggy

atcgtgcacc

tttgcggacc

gccgagcacce

cgggacctty

ctggaggacg

gtcctgcagce

atcttcctgy

ccgttecatgc

accgctatca

caatggaacyg

ttccgggact

atcgtggatc

ggtctgcgga

tggcccgggt

gacatggtgg

gagccttcca

ccacccectacg

ggcacccgcec

ctgcactcct

gctcctecocce

ggccccgdda

tceceeeccaa

adyCcCccycddy

agccctggty

ctgaaatggy

tcctgaccct

aagatccagc

caccgtcccc

ggcagctgga

agttccttca

tcagtcccect

cgococacygcec

gegggtegge

cgagccectgce

gcccagagcc

cgccatactyg

ccecgecaggt

acctggacta

tcccocggecat

ctgccatcag

ggggggtttt

ccactgcctt

ctgagttcca

acttcatcag

tgcctggggt

ctgctceccecac

ggggcacatc

agtcctggag

tgcccaggca

cagccegcettce

ctgctgctac

Cttcttccca

ctacacggcc

gcggetggac

taacaggcgc

actctacagc

ngﬂﬂgﬂgtg

gctgtccacc

gatgctcagce

cggtgcgaac

acacggggtg

ccttagetygy

caagagcgtyg

gggcctggge

ggtggagaac

catggactcc

ggtgcaggag

cagctacgggc

catcaccaac

ccecgacttce

tgaccaggty

gggctctgag

ggttgggggy

cggctcoctgy

ctactccatg

gagactcacc

cacccacggcec

gattgcgccce

atccctgcaa

cccagctacc

accctgaccc

gtgatgatgg

tacgaggtgc

gtggagttct

ctgctgaaca

tcgctgecect

accagctgga

ctctacgggt

ttcctgctaa

aggtcgacag

gtgcagcagt

ttccacctgt

atgaccaggyg

cggagggact

ctgcaccagy

cctgcaeggga

gagaccggcc

accaacccca

ccettegacy

gacggctgcc

accctecagy

US 7,423,135 B2

-continued

tctacagggce

tggtatatcg

agggccacec

agctctctgce

tcccagaggce

ccgtetgege

atttcctget

cagctcacca

gtcccagagc

ctgacaaggc

agcaggggct

ccagctacaa

gtaccacccc

agactgagaa

ccttggagac

ctgaggagcc

cgacggtggc

cgcagtatat

ccaggatcac

ctcacccttt

acagcaatgc

gtgggatcct

acctggacgt

gcegetgggy

cccacttcecce

tcacgttcaa

gcggecggey

gctacaggcc

agccgctgat

cagccctggce

gcatgtggat

ccaacaatga

cggccaccat

tcgagaaacc

catgcggggc

acccteggag

ccgtgetgac

ccagagcctyg

cDNZ& encoding alpha-glucosidase.

cctegtgtec

ggttcccoccga

gcadggdgadgcc

agtgcccaca

catcacccag

gcaggdyagcCcC

gctggagaac

caccttcttc

ccgcctccac

ccegegtgte

Cttﬂggggtg

gccectgttc

cacaggcctce

cctgtggaac

ctacctggcg

catggatgtyg

ggatgtctac

tgtgggatac

ctactcctcc

cctggacgtce

caaggatggc

ctacatgatg

ctacgacgag

tgggaaggta

ctggtgggag

tgacatgaac

gctggagaac

ctgtgectec

1620

1680

1740

1800

1860

1884

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

52



agccaccagt

atcgcctccc

tcgacctttyg

tgggagcagc

ctggtcgggy

tggacccagc

ccoccaggagc

ctgcgctacy

gagaccgtgg

gaccaccagc

gccgaagtga

gaggcccttyg

gaggggcagt

gggtacatca

atggcccectgy

gatggagaga

aggaataaca

ctgcagaagyg

gtccctgtcet

ctgttgatgy

ttctctcecac

acagggcgct

ctggccacgy

thCCtCCtC

ccgacgtcetyg

tgggggﬂﬂtt

cgtacagctt

cactcctcecec

ccocggeccct

ccectgtgggyg

ctggctactt

gcagcctcecce

gggtgacgct

tccccctgca

ctgtggccct

gcctggaagt

cgatcgtgaa

tgactgtcct

ccaacttcac

gagagcagtt

<210> SEQ ID NO 39

<211> LENGTH:
<212> TYPE:

1958
DNA

53

acactacaac
ggtgaaggct
ccgatacgcc
cgtgccagaa
cggcttectyg
ctaccccttce
cagcgagccg
ccacctctac
cttcctggag
ggaggccctyg
cceettggygce
acccccacct

gccggecccce

gggccctggce
gaccaagggt
gctggagcga
tgagctggta
gggcgtggcece
ctacagcccc

tctecgtcagce

ctgcacaacc

cggdygyacac

ggccactgga

atcctgcagt

ggcaacacct

atgcggaacc

gcccagcagg

acgctgttec

ttccccaagy

ctcatcaccc

acatggtacyg

gcagctcccce

ctggacacca

ctcacaacca

gdadadgyCccc

ggggcctaca

cgtgtgacca

acggcegeccc

gacaccaagqg

tggtgttaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Hamster rpS5S21 promoter

<400> SEQUENCE: 39

gatcaacatt

cattggatga

tgggctggtyg

gggtcattaa

ttgagctttt

agcagatgga

ctgagtcagt

ccttgetgtt

ttgtgggcett

ggagttattt

taggcattgt

tatgtgcact

tgctgagtag

actctgggty

acaggtgcag

tacgctggcet

ggacccagta

tctgctggtc

cactgaggag

ctattagtgc

acacattcta

cctgggtcecag

ggatttggca

catgctgect

ggtaatactt

tcagggcagt

aaactttttc

agctactgca

tgctccatcet

ctctcaaagc

gttttaatga

agtgctgaga

aaggtaccag

gcttgtttat

tacaagtatyg

tgaaaacccc

tttcaacggy

gtctctgagt

ttgtgttceg

tgacccttgc

tactggaggc

acctgtttcc

aatttctggy

ctggccacta

taaaacacaa

gagcaccggt
gccgcagatyg
aggctgcctc
tagtttactc
catcatggtc
tatcacaacc
ctgttcttte
ggataccaga
CCCCCCCLLL
aggccctgtt
tagacctttc
agtccctgcec
gttttectty
aagagacctt

dACaaaccacc

US 7,423,135 B2

-continued

tctacggcect

gcccatttgt

cgggggacgt

ttaacctgcet

cagaggagct

acaacagcct

ccatgaggaa

accaggccca

actctagcac

cagtgctcca

acctgcagac

gtgagccagc

tcaacgtcca

cagagtcccg

gaggggagct

cacaggtcat

gtgagggagc

agcaggtcct

tcctggacat

cttgggtcac

tagccggtgt

agcttcctca

CCCLCECLLtcCccC

tgcttcetegt

ctgtctacta

tctcattagt

aaatacgatt

tttggggggy

tttatgatgt

tcaacactct

ctttttagga

gccactttcet

cagggttcaa

cttgtacaca

gaccgaagcc

gatctcacgc

gtggagctcc

gggggtgcct

gtgtgtgcegce

gctcagtctyg

ggccctcoacc

cgtegegggyg

ctggactgtg

ggccdgdgaayd

ggtgccaata

catccacagc

cctececggget

ccagcagcecce

gttctgggac

cttcctggec

tggcctgcag

ctccaacggt

ctgtgtcteg

ctcactgtca

gggtgaatgc

gagggacaaa

acctaaaagt

gaaggttttyg

attctaaact

ggccatattc

CCCCCccCctttg

gggatgtggt

tagggggccc

aacccagtgc

ctgctgaatt

ccttactgge

ctcaacacac

ggcctcatgyg

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2859

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

54



US 7,423,135 B2

-contilnued
cctteccaagg gcagtggcecta tggttcecttgt ttcectgatgca cagaaagggt ctagtggaaa 560
ttccagacac aatgcccaca cctgcectttcecce caggcegtgag gagggtttca gcagacctca 1020
tgacagtcct gggaaggtgt cgggtgcgcyg tggcagggag gggagagctc tceccecccaagat 1080
catttaactg ggtgtgcaca cctgaggcac cagtctgccce agagagacat caggtgcaca 1140
gttctacaga taagcgagac aagcggtceccecce tatgtgaaga atgtaacggt aggaaaacca 1200
acagtgtaga ctgggagtct tgtgtccggg ctggtttgca gcecctcttcaa cagggggctyg 1260
cctgagecgtt aggggcattt tectcecctggt ttttaaagat tttatttgtt atgtagacag 1320
tgtactgcac cctctgggca gactcacaac actgggcecggce cggatgecgt gcectggceccaga 1380
gcaggagagg gcagggcctg ggtggagacg ccgcagggga gcegcecgcecocggce ccggacgcect 1440
ggctggtctce ggceggttcecce actggactge cgctcectgetyg acaccegtge cecgectecect 1500
ccgcececgcecgac tggcecggceggce ttececggggag cgatttceccag gtgcaggtcet ggggtgtcegy 1560
cgteccececegea ggcgagececgyg ctecceccttcecga cgteccecttect atcecceccecgegece cececgecgcecc 1620
ccegecgecee cctcecaaccte aagcagggga gacccoggcecg gggcoggggceca cgaagagcegc 1680
ggcggctect gectgtgggceg gagcectcectcecct gcectatgggcecyg gagctggggyg cggagcoeccecgcec 1740
ttggtagggt agagccaggce tccagtgtcet gagecctttgt gecggaagagce cggggcecttct 1800
ttgcaccgga agcggaagaa aagactccca agccecggectce cggaacggtg gatacgagca 1860
tcgtgacceg gaagtattca ccacacgcac cgcceccectcecce gcecccaagaga gcectgectggyg 1920
gacgacccac ttcectttetg cgctcececgcectg gecctagag 1958
<210> SEQ ID NO 40
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 40
agctctaata cgactcacta tagggc 26
<210> SEQ ID NO 41
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 41
ctctaggcca gcggagcecgea g 21

The 1nvention claimed 1s:

1. An 1solated nucleic acid sequence comprising a nucle-
otide sequence that has promoter activity and 1s at least 95%
identical to the nucleotide sequence set forth in SEQ ID NO: 1
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5. The vector of claim 4, wherein the therapeutic protein 1s

selected from the group consisting of acid sphingomyelinase
(ASM), a-glucosidase (GAA), and tissue plasminogen acti-

vator (tPA).
60 6. An 1solated host cell transtected with the vector of claim

over the entire length of SEQ ID NO:1. 2

2. A vector comprising the promoter of claim 1.

3. The vector of claim 2, wherein the promoter 1s operably
linked to a heterologous nucleic acid encoding a protein.

4. The vector of claim 3, wherein the heterologous nucleic
acid encodes a therapeutic protein.

7. The host cell of claam 6, wherein the host cell 1s a
Chinese hamster ovary (CHO) cell.
8. A method of producing a protein comprising:
«s (@) culturing a host eukaryotic cell transtected with the
vector of claim 3; and
(b) recovering the protein.
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9. The method of claim 8, wherein the protein 1s an anti-
body.

10. The method of claim 9, wherein the antibody binds to a
TGF- family member.

11. The method of claim 10, wherein the protein 1s a thera-
peutic protein.

12. The method of claim 11, wherein the therapeutic pro-
tein 1s selected from the group consisting of acid sphingomy-
clinase (ASM), a.-glucosidase (GAA), and tissue plasmino-
gen activator (tPA).

13. The method of claim 11, wherein the therapeutic pro-
tein 1s selected from the group consisting of insulin, thyrogen
stimulating hormone, erythropoietin, glucocerebrosidase,
and a-galactosidase.
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14. The method of claim 8, wherein the host eukaryotic cell
1s a mammalian cell.

15. The 1solated nucleic acid sequence of claim 1, compris-
ing the nucleotide sequence of ATCC Deposit No. PTA-5309.

16. The 1solated nucleic acid sequence of claim 1, wherein
the nucleotide sequence that has promoter activity is at least
97% 1dentical to the nucleotide sequence set forth in SEQ 1D
NO:1 over the entire length of SEQ ID NO:1.

17. Thesolated nucleic acid sequence of claim 16, wherein
the nucleotide sequence that has promoter activity 1s at least
99% 1dentical to the nucleotide sequence set forth in SEQ 1D
NO:1 over the entire length of SEQ ID NO:1.
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